————_e- =e 








En = 
Universal Microfi 
313 N. First St. 


Ann Arbor, Mich. 














Checking circularity of valve 
components at the Eli Whitney 
Metrology laboratory 


DIAGNOSIS 
and TREATMENT 
of Servo Valve Disorders 


After wrestling diligently with the problem of slippage or leakage, 
oan aircroft servo valve manufacturer turned to the Eli Whitney 


Metrology Laboratory for help. Scrap rate had climbed to 50% 


and deliveries had become critical. 


A precise laboratory analysis for geometrical values 
revealed not one but three defects—all slight but neverthe- 


less potent. 


rt) A washed out condition in the sleeve bore around the ports 


e piston lands lobed 
a) land surfaces too rough for this type of service 


This analysis indicated the necessity for changes in processing. These 


were made and scrap rate drepped immediately from 50% to 4%. 


This is just one of many production problems solved by Eli Whitney 
Metrologists and industrial consultants. This staff has the experience, 
the instrumentation and the ideal environment for high precision 
dimensional analysis. This combination of facilities is found in no 


other commercial standards laboratory in this country. 


If you have some vexing problem, ask for Bulletin ML 1-56. Write 
to the Sheffield Corporation, Dayton 1, Ohio, U.S.A., Dept. 5 
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Write a numeral here 








new Bell Labs machine 


A new device invented at Bell Laboratories “reads” a numeral while it is being written 
and instantly converts it into distinctive electric signals. The signals may be employed to 
make a numeral light up in a display panel, as above, or they may be sent to a computer or 
to a magnetic “memory” for storage. 


The writing is done with a metal stylus on a specially prepared surface. Two dots, one 
above the other, are used as reference points. Seven sensitized lines extend radially from 


the dots. Transistorized logic circuits recognize numerals according to which lines are crossed. 


The concept of a number-reader has interesting possibilities as a new means of commu- 
nication from humans to machines. For example, 
in an adjunct to a telephone, it might provide inex- 
pensive means of converting handwritten data into 
signals which machines can read. The signals 
could be transmitted through the regular telephone 
network to a teletypewriter or computer at a distant 
point. In this way, a salesman might quickly and 
easily furnish sales data to headquarters, or a 
merchant might order goods from a warehouse. 


. . oO i ne s . 

Modern communication involves many more fom Dimond, a B.S. in E-E. from the Uni 

r ee , ; versity of lowa, demonstrates an experi 

fields of inquiry than the transmission and recep- mental model of his number-reading 

invention. A similar device can also be made 

‘ to read alphabetical characters. Small size 
but one example of Bell Telephone Laboratories 

and low power requirements result from 


tion of sound. The experimental number-reader is 


work to improve communi ations servi cS. transistor circuitry 


BELL TELEPHONE LABORATORIES 


World Center of Communications Research and Development 
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WHAT STEEL TO USE? 
HOW TO USE IT? 


oe Ask the men 
Who KnoW. «+ 


AT REPUBLIC / 





Men experienced in field work, in mill, and 
in laboratory are ready to give you the right 
answers—fast—to your questions on steels 


and steel products. 


Make use of this 3-Dimension Metallurgical 
Service to get the most out of steels—effi- 
ently and economically. 

These experts can tell you how to get the best 
results at lowest costs—what steel to use for 


each application—how best to fabricate it. 


Phone, write or call in person with your prob- 
lems. There will be no obligation—except 


on our part, and that to serve you WELL! 


REPUBLIC STEEL CORPORATION 


GENERAL OFFICES * CLEVELAND 1, OHIO 
Sales Offices in Princapal Cities 





PRODUCTS 


Carbon Steels 

Alloy Steels 

ENDURO ® Stainless Steels 
High Strength Steels 

Pig Iron 

Titenium 

tron Powder 

Coal Chemicals 


* e 


Hot Rolled and Cold Finished Bars 

Billets, Blooms and Slabs 

Plates 

Skelp 

Het and Cold Rolled Sheets and Strip 

Coated Sheets and Strip 

Tin Plate 

Terne Plate 

Bolts, Nuts and Rivets 

Nails and Spikes 

Steam, Gas and Water Pipe 

Oil Well Casing and Tubing 

Line Pipe 

Plastic Pipe 

Boiler and Condenser Tubes 

Mechanical Tubing 

Stainless Stee! Tubing 

Electrical Conduit 

Materials Handling Equipment 

Wire and Wire Products 

Fencing and Fence Posts 

Pails, Barrels and Drums 

Flanged Stee! Reel Traverses 

Steel Lockers and Shelving 

Steel Shop Equipment 

Steel Office Equipment 

Steel Kitchens 

Steel Windows, Doors, Joists 
and other Building Products 

Aluminum Windows and Jalousies 

Complete Stee! Buildings 

Drainage Products 

Roofing and Siding 

Radio and Television Towers 


INDUSTRIAL QUALITY CONTROL 





Products of 
Glass Container Division 


of Owens-Illinois 











is a Major Factor in 

















the manufacture of these 





Owens-Illinois Products 


Products of 
Kimble Glass Company 
an O-I Subsidiary 


MAKERS OF (]) PRODUCTS Owens-ILuinoIs 


GENERAL OFFICES+ TOLEDO 1, OHIO 
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QUALITY CONTROL 


from drawing board 
to shipping dock 


Statistical quality control is one of those “‘behind- 
the-scenes”’ functions in industry of which, as such, 
the general public is seldom aware. Often, even the 
salesmen of a firm, to whom quality is so important 
in a product, are not aware of how methodically 
quality in the successful firm is policed and main- 
tained. 

Statistical quality control has at John Deere, as it 
has in many other firms, raised this important func- 
tion to a scientific level. 


Because, by its nature, statistical quality control 
makes allowances and adjustments for natural hu- 
man inaccuracies, it constitutes much more than a 
mere physical inspection system, however faithfully 
pursued. The results evidence themselves in many 
ways, including savings in purchasing, savings in 
production, and—most of all—in customer satisfac- 
tion. 

This is the philosophy that has made John Deere 
symbolic of quality the country over. 


JOHN DEERE MOLINE, (LELINOITIS 


JOHN DEERE 


“Wherever Crops Grow, There's a Growing 
Demand for John Deere Farm Equipment” 
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QUALITY 


...the unseen 
ingredient 


in every 


product 


7 
HOUDAILL 


INDUSTRIES, INC. 


@ Modern quality control methods, testing equipment 
and statistical quality controls in every Houdaille plant 
help maintain the highest product standards. Flutter 
dampers built for leading airframe manufacturers at 
Houdaille’s Buffalo Hydraulics Division must undergo 
several days of exhaustive testing on equipment such 


as this, before they are released to the customer. 


You can’t always see or feel quality in an in- 
dustrial product. But you can observe the effects 
of quality in a number of ways. Steadily in- 
creasing sales...continued acceptance by cus- 
tomers. ..attitudes of your suppliers, and of your 
own production and engineering personnel. 
And, of course, in basic product performance. 


Houdaille’s network of manufacturing plants 
produce thousands of diversified products... 
from drop forgings to shock absorbers... 
crushed stone to arbor presses. The one com- 
mon ingredient is quality...in thinking and 
doing that has made the name ‘‘Houdaille’’ 
on any product a guarantee of superiority. 


@ HOUDAILLE MANUFACTURING UNITS: 


BUFFALO HYDRAULICS DIVISION Buffalo, New York 
Hydraulic devices for aircraft, automotive, rail, marine and 
industrial use. 

CHICAGO DIVISION Chicago, llhaur 
Automotive bumpers, support arms, hangers 

DETROIT DIVISION Detroit, Michigan 
Automobile fender panels, metal stampings 

FAIRMOUNT TOOL & FORGING, INC. Cleveland, Ohio 
Carbon and alloy steel hand tools, custom forgings 

HUNTINGTON DIVISION Huntington, West Virginia 
Automobile bumpers and hangers. 

MACON ARMS, INC. Decatur, ///inois 
Naval Ordnance Products 

MANZEL DIVISION Buffalo, New York 
Force feed lubricators, chemical feeders, slurry pumps, 
Factory-authorized automotive service tools and equipment 

WALES-STRIPPIT COMPANY fron, New York; Southgate, 

Los Angeles, California 
Punching and notching dies, sheet metal fabricating equipment 

STRIPPIT TOOL & MACHINE LIMITED Brampton, Ontario, Canada 
Punching and notching dies, sheet metal fabricating equipment 

HOUDAILLE INDUSTRIES LTD. Oshawa, Ontario, Canada 
Automobile bumpers, bumper guards and hangers, 
nailable steel flooring 


@ HOUDAILLE CONSTRUCTION MATERIALS UNITS: 


BUFFALO CRUSHED STONE CORP. Sowmansville, New York 
Crushed stone, bitumimous concrete. 
GRAVEL PRODUCTS DIVISION of Buffalo Crushed Stone ( orp 
Buffalo and Tonawanda, New York 
Sand, gravel, ready-mix concrete, concrete pipe and products 
CONCRETE PRODUCTS DIVISION of Buffalo Crushed Stone ¢ ory 
Lancaster, New York 
Pre-stressed concrete beams and shapes 
HOUDAILLE CONSTRUCTION MATERIALS, INC. 
Headquarters at Morristown, New Jersey 
Sand, gravel, crushed stone, fillers, rip-rap, bituminous 
concrete, jetty stone, ready-mix concrete 
Operating Units at Bound Brook, Carpentersville, Hanover, 
Kenvil, Lakewood, Millington, Montclair, Newton, Orange, 
Oldwick, Oxford, Riverdale, South Orange, Summit and 
Sussex in New Jersey. Easton, Portland, Stockertown and 
Stroudsburg in Pennsylvania 


HOUDAILLE INDUSTRIES, INC. 


Executive Offices 


1280 MAIN STREET 


BUFFALO 9, NEW YORK 
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CHECK THESE 6 POINTS FOR QUALITY BEFORE YOU DECIDE ON YOUR NEXT CAR 


0 


2) 


© 


Will the bright trim stand up to the weather? In our 
cars, we make generous use of rust-free alun.inum and 
stainless steel. High-quality chrome for extra lustre. 


When you slam the door, do you hear a firm, solid 
sound? Undesirable metallic sounds are eliminated 
in the Ford Family of Fine Cars with heavy sound- 
deadening insulation. 


Is the window glass free from waves and flaws? We 
pioneered in the use of safety glass and still make our 
own safety glass under the most rigid quality controls. 


o 


8 
6) 


Is the finish lacquer or enamel? Ford uses only tough, 
durable enamel, impervious to many substances that 
damage lacquer. 


Is the upholstery durable as well as attractive? We use 
only fine-quality upholstery materials including nylons 
and leathers. 


Thinking about a convertible? The quality of the top is 
all-important. Ford Motor Company uses only color-fast, 
vinyl-coated cottons securely stitched and reinforced 
in critical areas for extra strength. 


Only the Ford Family of Fine Cars gives you 
Superior quality and workmanship on all six 


Much of the quality in the Ford Family of Fine Cars is plainly evident. 
Still more is hidden from view. Ford Motor Company, more than any 
other manufacturer, controls standards on all materials that go into its 
cars. This control is designed to provide you premium quality in every 
detail. A good reason to choose your next automobile from the Ford 
Family of Fine Cars. 


FORD MOTOR COMPANY - THE AMERICAN ROAD - DEARBORN, MICHIGAN 
FORD + THUNDERBIRD ~ EDSEL + MERCURY + LINCOLN + CONTINENTAL MARK II] + ENGLISH FORD LINE + FORD TRUCKS + TRACTORS + FARM IMPLEMENTS + INDUSTRIAL ENGINES 
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-Gillette- 


Welcomes 





To Historic Boston 


Engineered into every Gillette 
product are those characteristics 
so essential to satisfactory service 
— characteristics that reflect 
Gillette’s modern manufacturing 
and quality control techniques. 


GILLETTE SAFETY RAZOR COMPANY 
GILLETTE PARK BOSTON MASSACHUSETTS 
A Division of The Gillette Company 
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There’s a long history 


of quality control 
back of the CANCO oval! 


Every container that bears this famous trademark is 
manufactured under a comprehensive quality con- 
trol program. Many years ago, American Can 
Company established a policy of highest possible 


product standards. Today it is a Canco tradition, 


Quality control men in the many Canco plants 
throughout the nation assure Canco customers of 
highest quality containers, be their requirements 
large or small. Such outstanding day-in, day-out 


dependability plus the newest and best in packaging 


ideas keep Canco first. 


GS American 


Can Company 
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Consumer Product Quality Control 


Quite recently the ultimate consumer has started to take a direct interest in Statistical Quality Con- 
trol. Just as eating proves the pudding, the ultimate consumer will judge the value of SQC on the 
criterion of how effectively it has provided more goods at lower cost. 


The consumer thus raises some of the usual quality control questions with respect to SQC itself. 
How can these powerful methods of evaluation and analysis serve the consumer more adequately? 
Can the methods of SQC be utilized by the consumer agencies in the evaluation of better quality? 
Can verifiable quality information supplement his pecuniary considerations in making choices in the 
market? Can the use of quality control standards eliminate inferior furniture or unsafe electrical 


appliances from the market? 


Not that the consumer interest has gone entirely unconsidered in the past. The difference is that 
many have spoken for him indirectly. The Quality Control and Quality Assurance Departments in 
many companies, for instance, have considered themselves vested with the consumer interest. 
Acceptance inspection groups in buying organizations, in department stores, mail order houses, and 
the military services, have also identified themselves with the consumer. On a lower key, the fair 
trade groups, food and drug administrations and the like, legislated into protection of consumer 
health and safety, have employed SQC methods on behalf of the consumer. Moreover laLor unions, 
the American Home Economic Association, and organized consumer groups have considered them- 


selves spokesmen for consumer quality. 


Whether all these voices can be unified or whether the ultimate consumer will take an independent 
viewpoint is a matter of conjecture. This was the subject of a conference on “Quality Control and 
the Consumer” held at Rutgers University last fall.* There the Vendor-Vendee Committee and the 
Textile Division of ASQC along with Consumers Union and Rutgers University sponsored an explor- 
atory session. Several ways of implementing consumer action in quality control usage were sug- 
gested. One of these had to do with the furnishing of realistic quality information by the producer 
to the ultimate consumer, and a feed-back system to the production activities. Another suggested 
consumer usage of SQC involved the establishment of consumer goods standards together with indus- 
try-wide quality policing agreements such as those used in the Avisco seal of approval. A third 
approach considered the development of a consumer products specification akin to MIL-Q-5923, 
RIQAP AND CIGAIP, the military standards for assuring quality controlled manufacture. The 
Swedish method of government and industry cooperation in the labeling and verification of quality 


standards of consumer goods was also discussed. 


It is always good to hear of a new and important interest in SQC. It is especially good in this case, 
not merely for the large numerical strength that the ultimate consumer may muster into conscious 
SQC interest, but also because of the new dimension that the ultimate consumer may give to SQC 
thinking. This new interest may keep us all reminded of our goal of “better products at lower costs 


to the consumer through Quality Control.” 


Sincerely, 


*Editorial Note. “Quality Control and the Consume as reprinted from Consumer Reports appeared 
on page 28 of the April issue of Industrial Quality Control. 
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Reliability 





Bendix Products 


The purpose of this article will be 
to acquaint the reader with a new 
field of industrial endeavor called 
Reliability. In this article I will do 
my best to review the reasons fo: 
such a new field, to explain some- 
thing of its methodology, and to de- 
scribe in what respects it is similar 
to, and in what respects it is different 
from quality control. 

The material to be presented will 
contain little information new to 
those working in reliability. Rather 
the intention is to describe reliability 
in general terms to those who have 
not been closely connected with it. 

Since my own experience in reli- 
ability has been restricted to the 
problems of reliability in guided mis- 
siles, all of the material presented in 
this article will be from the point of 
view of this industry. My experience 
has been with the Reliability Group 
of the Bendix Products Division 
Missiles Section, a reliability activity 
that has been in existence for ap- 
proximately two and one-half years 
Bendix is the prime contractor to the 
Navy Bureau of Ordnance for TA- 
LOS, a surface-to-air guided missile, 
and this Reliability Group has made 
a significant contribution in achiev- 
ing the present reliability position we 
now have. 


What Is Reliability 


As a point of departure let’s start 
with a generally accepted definition 
of reliability written by Dr. Richard 
Carhart of the Missile Division of 
Lockheed Aircraft 


“Reliability is the probability 
that a device, equipment, or sys- 
tem will perform its intended 
function for a specified period of 
time under given conditions.” 


We can go a long way toward see- 
ing the need for a specific reliability 
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ROBERT G. FITZGIBBONS 


effort by examining the reliability 
definition. We see first that reliabil- 
ity is a probability and we suspect 
from this that we will not have certi- 
tude that our device will always 
function perfectly. Why can’t we 
have such certitude? The primary 
reason is the complexity of today’s 
weapon systems 


Complexity 


Guided missiles as we know them 
today can have as many as 10,000 
electronic parts (and there may be 
some I don’t know of that have even 
Compare this with your TV 
set which has about 250 electronic 
parts. Even as well as your TV set 
has been engineered, on occasion it 
will experience what is referred to as 
a “random component failure.” In 
other words electronic parts don’t 
last forever and even the best of sets 
will ultimately require some mainte- 


more.). 


nance. 

Most electronic equipment is de- 
signed on a series principle. That is, 
the parts may be considered to be 
links in a chain such that the failure 
of one part or link results in the fail- 
ure of the chain or the system. It 
can thus be seen that there is some 
relationship between complexity and 
reliability. Although we don’t know 
exactly what this relationship is, 
since an electronic system is not ex- 
actly like a chain because some links 
in the electronic chain are parallel or 
“have redundancy,” nevertheless, 
there exists what we call a “trade-off 
relationship” between complexity 
and reliability. In other words an 
increase in system complexity will 
generally result in decreased system 
reliability. 

With the unbridled tendency 
toward increased complexity result- 
ing from the increased design de- 
mands on new electronic systems it 


and the 
Quality Control 
Engineer 


Division—Missiles, Bendix Aviation Corp., Mishawaka, Ind. 


then becomes a problem to keep 
such systems going not for hundreds 
of hours as with TV sets but for only 
a few minutes in the case of guided 
missiles. 


It goes without saying that reliabil- 
ity poses a problem very important 
to solve. The mission of a surface-to- 
air missile is to defend a ship or a 
city from attacking planes or mis- 
siles. It can be seen that every mis- 
sile must possess a high degree of 
reliability when the chips are down 
Few duds can be tolerated. Not only 
is it important that a missile possess 
a high degree of reliability in tactical 
use, but it is also important that it 
hold up prior to tactical use. One of 
the primary reasons the services have 
pushed for the reliability of electron- 
ic gear is the high cost of maintaining 
such equipment in the field. A study 
has shown it costs about ten times 
the initial cost of a piece of gear to 
maintain it throughout its life in the 
field. It was therefore thought wise 
by the military to spend money in 
the early stages of design and pro- 
duction of an equipment to enhance 
its reliability. 

Let us look at another portion of 
the above reliability definition to 
gain additional insight into reliabil- 
ity: “Under given conditions.’ 


Environment 


The phrase “under given condi- 
tions” in the reliability definition is 
deceptive. It’s easy to say but it’s 
usually said with tongue in cheek. If 
we are asked the simple question 
“under what conditions will your 
missile fly—what is the missile en- 
vironment?”, we don’t have all the 
answers. 

If you are designing a product for 
commercial consumption, you can 
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obtain knowledge of the environment 
it will experience in use through a 
survey, or by placing several samples 
in actual use for a trial period. If 
the unit fails it will usually be possi- 
ble to determine the exact mode of 
failure. 

With missiles and other electronic 
equipment the problem is much more 
difficult. Designers are operating at 
the frontiers of knowledge in deter- 
mining missile environments. The 
basic knowledge of environmental 
conditions at high altitudes and 
speeds is still sketchy. One of the 
basic environments which a missile 
experiences is vibration. Although 
there has been a great deal of study 
on the nature and effect of vibration, 
there is still a lot to be learned. 

Since a missile is a complex thing, 
complete knowledge of how the mis- 
sile environment is transmitted to its 
components takes a long time to ob- 
tain. For example a missile may 
experience vibration of a given fre- 
quency and amplitude on its exterior 
and transmit far more than this to 
its components inside through an 
effect referred to as “oil canning.” 

Although it would be tremendous- 
ly helpful to know the environment 
each component part of a missile ex- 
perienced in flight even this would 
not be the entire answer. 

When a man designs a bridge he 
computes the stresses that each 
member will experience, then using 
tables that tell him the strength of 
the materials he is using he assures 
himself that his design possesses a 
high safety factor. It appears that 
we must know the inherent strength 
of each of the electronic parts in 
withstanding our environmental 
stresses. The desire to know com- 
ponent sttengths has led some com- 
panies to embark on extensive “test 
to destruction” programs. In such 
testing programs components are 
subjected to ever increasing stresses 
until they fail. Knowing the stress 
each component sees in flight, and 
the strength of each component to 
withstand each stress you would 
know a lot about the missile. Actu- 
ally, even this wouldn’t be the en- 
tire story since you would also need 
to know a great deal about the inter- 
actions of all missile parts and their 
applied stresses. 

To summarize these points, in most 
instances if you are designing a 
product for commercial use, it is pos- 
sible to compute or determine the 
stress such a product will experi- 
ence, and knowing the strengths of 
the materials to be used, it is pos- 
sible to design and build a product 
that will last indefinitely. (That this 
is not done results from such coun- 
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ter factors as cost, competition, and 
market saturation). 

On the other hand, if you are de- 
signing a missile, the following prob- 
lems occur: 


1) You don’t know the stresses the 
missile will experience in use. 
Missiles go fast and high and 
experience many stresses and 
strains in the process. Design- 
ers are operating at the fron- 
tiers of knowledge in determin- 
ing missile environment. 

You don’t know the strengths 
of the ingredients you are put- 
ting into the missile. In other 
words, you don’t know how 
much stress each part will take 
before it fails. 

And thirdly, if you did know 
just how much each part would 
take, and you did know the 
missile environment, there are 
so many parts that you would 
have a very difficult time de- 
termining just how all these 
parts together would withstand 
the applied stress to the mis- 
sile. 


The third portion of the definition 
we shall examine is “its intended 
function.” 


Task 


In general the task or purpose of 
most commercial products is fairly 
specifically defined. For instance if 
we have designed a letter opener to 
open letters, we then don’t expect to 
be able to use this to open tin cans, 
or carve steaks. On the other hand 
in the rapidly changing technological 
era in which we live “the intended 
function for which it was designed” 
is constantly changing. In the case 
of guided missiles the question often 
asked after a design is completed is 
“Will it go a little higher, faster, or 
farther?” 


Recently the Department of De- 
fense has been tending toward reli- 
ability specifications. Such specifica- 
tions say, in essence, that before a 
manufacturer can go into production 
on a prototype unit, he must demon- 
strate at an X percent confidence 
level that his product is Y percent 
reliable. Such specifications will ne- 
cessitate a fairly explicit statement 
of intended function. 


Poor Definition of Flight Defects 


There is another reason for a spe- 
cific reliability effort which is not 
obvious from an examination of the 
reliability definition. This reason is 
the lack of explicit information on 
how missiles fail in flight. 


If you are a manufacturer of a 
commercial product and the product 
doesn’t perform satisfactorily in the 
field, the customer will probably 
make a very specific complaint. Such 
a complaint will be transmitted by 
the sales people to the engineering 
department which will initiate a de- 
sign change. 

However, if you are a missile 
manufacturer, the nature of the com- 
plaint you get from the customer is 
likely to be “it doesn’t work.” This 
is because almost all missiles are one 
shot in nature and end up as a 
charred heap after flight. True, cer- 
tain information is “telemetered” or 
radioed back from the missile dur- 
ing flight but such data only broadly 
defines the trouble spot within the 
missile. For this reason a more than 
normal importance is placed on test- 
ing conducted in the factory. Such 
test results must be relied on in the 
main to detect design inadequacies. 


The Weapons System Concept 


Still another reason for a specific 
reliability activity is the advent of 
the weapons systems concept. Many 
of the weapons being designed today 
are so complex that no one plant 
possesses either the engineering or 
manufacturing facilities to design or 
produce them. To quickly get such 
systems into production it has been 
necessary to devise a plan known as 
the weapons systems concept where- 
by one company is given the prime 
contract for the weapon and this 
company in turn subcontracts major 
portions of the system to other agen- 
cies for design, manufacture, or both. 
It is therefore common for the de- 
sign, manufacture, and testing of a 
system to take place over a large 
geographical area. Such diversified 
effort requires a co-ordinated reli- 
ability effort. 


Reliability Modus Operandi 


To date there have been many ar- 
ticles and papers on the subject of 
reliability. So far the entire subject 
of reliability is rather fragmentized. 
You will see articles on the reli- 
ability of tubes, relays, transistors, 
and connectors. You will see articles 
on testing to destruction, combined 
environmental testing, and the effect 
of vibration. You will see articles on 
designing for reliability, predicting 
reliability, testing for reliability, or- 
ganizing for reliability, redundancy, 
failure data collection systems, flight 
test simulation, and reliability edu- 
cation. Reliability is a new area of 
endeavor and is still in the formative 
stages. For the moment we will step 
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back from the trees and try to see 
the forest. 

In its broadest aspects relability is 
concerned with the design of a prod- 
uct and the execution of that design. 
It is thus an all-encompassing activ- 
ity in a given program. It is so all- 
encompassing that it can’t be the pri- 
vate domain of any one group in the 
plant. This has led to the slogan at 
Bendix that “Reliability is Every- 
body’s Business.” 

There are thus two aspects to reli- 
ability. One of these we can call 
“before the fact reliability,” the other 
“after the fact reliability.” 


Before the Fact Reliability 


“Before the fact reliability” gets 
reliability into the design. Henry 
Ford once said “Quality begins on 
the drafting board.” Just as quality 
begins on the drafting board so reli- 
ability begins with the initial sys- 
tems planning. As mentioned before 
there is a trade-off relationship be- 
tween complexity and reliability and 
an optimum combination of mission 
and reliability is important. There 
should therefore be reliability stud- 
ies made in the very first aspects of 
design 

There are many people today who 
believe that reliability is a design 
parameter, and that it is possible to 
predict the reliability of a design be- 
fore ever making or testing it. They 
believe that from failure data gath- 
ered from previous programs, it is 
possible to extrapolate and predict 
the reliability of new systems. They 
view reliability as analogous to a 
weight and balance specification 
Thus, if a missile has an over-all 
reliability specification and is to be 
sectionalized into several large as- 
semblies, they feel a Reliability 
Group will act as does a Weight and 
Balance Group and say to the engi- 
neer who has designed an assembly, 
“go back and redesign it. You have 
used up more than your share of un- 
reliability.” Personally, I feel we 
have not reached this state of skill 
as yet, but I feel we will reach it 
soon 

Since I am not a design enginee: 
I am not equipped to tell you all the 
methods a design engineer will em- 
ploy to make his design reliable. He 
will certainly find out all he can 
about the environment his design 
must encounter. He will want a spe- 
cific statement of task. He will use 
only component parts of proven 
quality from vendors of known in- 
tegrity. He will utilize feedback 
compensating loops and redundancy 
wherever he can and will package 
his device to protect it from all en- 
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vironments to the best of his ability. 
He will employ “safety factors” 
wherever he can and “derate” as 
many components as he can. He will 
run extensive tests on the first 
breadboard and prototype units. He 
will design his equipment in mod- 
ular form so that each module is 
functionally replaceable and inte- 
grally testable. As his unit then 
moves into production and later goes 
through field evaluation and then 
tactical use he will follow the fac- 
tory and field testing of his design 
and correct any design deficiencies 
that show up. He will utilize the ex- 
perience gained in one program in 
designing for the next 


After the Fact Reliability 


“After the fact reliability” is that 
effort expended in seeing that a de- 
sign is properly executed. 

A good reliability design for a mis- 
sile does not guarantee that it will 
prove to be reliable in use. There is 
still the other side of the coin which 
we have called “execution.” No mat- 
ter how good the design is, if it isn’t 
properly manufactured and tested, it 
will be unreliable in use. Achieving 
reliability in use must therefore be 
a team effort involving everyone in 
a program. 

Mark Twain once said “The man 
who can read and doesn’t is no bet- 
ter off than the man who can’t read.” 
Similarly the missile that is well de- 
signed but not properly executed is 
no better off than the missile that is 
poorly designed. 

The “after the fact” approach to 
reliability has been termed the 
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“wonderful one horse shay” ap- 
proach. In this approach, the inten- 
tion is to see that all components are 
failing randomly—that is, that none 
of the parts of a given class are fail- 
ing at a significantly high rate. Then 
with all parts failing at about the 
same rate, the missile, like the shay, 
would fall apart all at one time. 

In this approach to reliability, a 
Reliability Group serves as a central 
intelligence agency collecting data 
on failures and discrepancies of all 
kinds. These data are examined and 
distilled and significant conclusions 
are fed back to Engineering, Quality 
Control, Manufacturing, and all par- 
ties concerned. 

As mentioned above, reliability 1s 
such an all-encompassing thing that 
probably no one group in a plant can 
handle all aspects of it, particularly 
since it infringes on operations which 
are quite divergent as to function. 
As a practical example of how a 
company can cover the entire reli- 
ability area, I will describe the reli- 
ability program at Bendix Missiles 
Division. 


Bendix TALOS Reliability Program 


As prime contractor for the TA- 
LOS surface-to-air guided missile, 
Bendix acts as a systems co-ordinat- 
ing group for a large subcontractor 
effort. In this effort Bendix acts as 
the hub of an operation that is quite 
diversified in location 

Within Bendix Missiles itself the 
plant is organized as in Fig. 1. 

For the purposes of this article 
only the Engineering and the Qual- 
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Figure 1—Bendix Missles Organization as it Relates to Reliability 





ity Departments are shown in some 
detail. 

At Bendix, the reliability approach 
is a team effort primarily between 
Engineering, Manufacturing, and 
Quality. 

In any company there is a diver- 
sity of opinions conditioned by or- 
ganizational position. Thus Manu- 
facturing has a tendency to be 
influenced by schedules, Engineer- 
ing has a tendency to devote its 
attention to forthcoming designs and 
even Quality is not immune to the 
considerations of schedules and ex- 
pense in considering the action to be 
taken in the correction of a known 
hazard. The management at Bendix 
has considered these matters and es- 
tablished one group which is con- 
cerned only with reliability. At Ben- 
dix the group is called the Reliability 
Section and it is organized under the 
Quality Department as it was felt 
this was the place from which it 


should operate. The only ax this 


group has to grind is reliability. This 
creates a check and balance system 
in which a note for reliability is al- 
ways sounded. Other considerations 
may drown out that note on occasion 
but at least the reliability aspects of 
all problems are presented. By no 
means does this group have the reli- 
ability market cornered at Bendix. 


When the Reliability Group was 
being organized at Bendix, it was de- 
cided to create a staff group rather 
than a line group. It was not the 
intention of our management to cre- 
ate a group that would approve de- 
signs from the reliability standpoint. 
It was felt that with the existing 
shortage of design engineers they 
should all be busy designing. Nor 
was it the intention to create a group 
that could tell anyone to do any- 
thing. It was the belief that every- 
one at Bendix wanted reliability and 
would do everything possible to 
achieve it if only shown where the 
weak spots were. 
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Figure 2—Bendix-TALOS Discrepancy Report Form 


The job of this group is to moni- 
tor, measure, and feedback to appro- 
priate departments missile reliability. 
Let me go into some detail on our 
duties and responsibilities. 

The duty of the Reliability Group 
at Bendix is to monitor the quality 
of the TALOS Missile and its test 
equipment for the purpose of attain- 
ing and maintaining missile reliabil- 
ity at required performance levels. 
This monitoring is accomplished by 
means of a common discrepancy re- 
porting form shown in Fig. 2 which 
is used throughout the program, as 
well as by personal contact and fol- 
low up by reliability engineers in all 
phases of production, test, and in- 
spection. The reliability effort in- 
cludes a critical appraisal of design 
engineering, production methods, and 
test and inspection procedures. The 
over-all operation entails the follow- 
ing activities: 


a) Comprehensive collection of all 
raw data relating to missile 
quality and reliability. 

Tracing failures to their source 
and establishing the causes 
thereof. 

Statistical analysis and reliabil- 
ity evaluation of all discrepancy 
and failure data as well as sta- 
tistical planning of special reli- 
ability tests. 

Feedback of significant conclu- 
sions to cognizant operating 
groups as well as follow up to 
determine the nature and ex- 
tent of corrective action by op- 
erat.ag groups. 

Review of procedures of all op- 
erating groups in the missile 
program that may effect quality 
and reliability. 

Collaborating with quality as- 
surance groups of the Bureau 
of Ordnance, its technical ad- 
visors, and major associated 
missile program subcontractors, 
and study of reliability efforts 
in other related programs of the 
Bureau of Ordnance. Exchange 
of reliability information with 
other agencies and their con- 
tractors operating on other mis- 
sile programs. 

Establishment of a reliability 
education and information serv- 
ice for the TALOS program to 
serve all interested groups. This 
includes the production of mo- 
tion pictures on reliability and 
quality. 


Obviously, reliability is a team ef- 
fort at Bendix. Missile design is the 
responsibility of Design Engineering 
but they use the failure information 
collected by the Reliability Group to 
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make their designs better. The Com- 
ponents Engineering Group is re- 
sponsible for finding new and better 
piece parts for the missile, and for 
running special tests on parts which 
are thought to be reliability hazards. 
This group utilizes the failure data 
compiled by reliability to tell them 
which parts to test and the services 
of reliability statisticians to plan and 
evaluate their tests. 

On the other hand reliability en- 
gineers deal with components engi- 
neers and design engineers on prob- 
lems occurring in tests to insure that 
reliability hazards are known and 
corrected. Reliability engineers also 
work with Manufacturing, pointing 
out reliability hazards in processing. 

Reliability engineers monitor reli- 
ability and quality from the Incom- 
ing Inspection Departments of our 
major subcontractors through the 
flight testing of our missile at White 
Sands Proving Grounds. 

Although our Reliability Group 
has no direct authority, this is not to 
say we carry no weight. The man- 
agement of Bendix has continually 
emphasized missile reliability to the 
extent that it is now thoroughly en- 
grained into the thinking of every- 
one in the missile program. For this 
reason all of our recommendations 
are carefully considered and almost 
all are adopted. 

It will be seen that to a great ex- 
tent the success of a group such as 
ours will be based on the respect we 
have earned from other groups. The 
past activities of our reliability engi- 
neers have gained a high degree of 
respect around our plant. 


Similarities and Differences of 
Reliability and Quality Control 


Thus far you may have been 
thinking “Well, how is this any dif- 
ferent from quality control?” Al- 
though reliability is to a great ex- 
tent like quality control, it also is 
different in many respects. 

I don’t believe it is necessary to 
dwell on the similarities. We are 
familiar with the tools and tech- 
niques of statistical quality control 
and realize that reliability is a fer- 
tile field for the application of all of 
these techniques. Also, it has already 
been emphasized that the achieve- 
ment of reliability necessitates a 
strong and effective Quality Control 
Department. At Bendix our Quality 
Control Department is responsible 
for vendor quality liaison, inspec- 
tion, test, test equipment design and 
maintenance, environmental testing, 
and reliability, We feel it is strong 
and effective. 
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Let’s look now at differences be- 
tween reliability and quality control. 


1. Reliability Deals More Closely with Engi- 
neering 


From the material in the previous 
section you can see that reliability 
and engineering have a tendency to 
overlap in function. Your past expe- 
rience has shown you that quality 
control and manufacturing have this 
same tendency. Consequently, just as 
some quality control departments 
are organized under manufacturing, 
some reliability groups are organ- 
ized under engineering. You will say 
“Quality Control deals with Engi- 
neering, too.” I would agree with 
this, but isn’t it true that when qual- 
ity control deals with engineering 
the purpose is to get specifications 
relaxed? When reliability deals with 
engineering, the purpose is to get 
specifications tightened. 

It seems to me that the growth of 
reliability in the last three years has 
been largely occasioned by a reali- 
zation on the part of design engi- 
neers that they could use the subject 
of statistics to help them in their 
work. They have had a sufficient 
technical background to grasp the 
underlying mathematical concepts of 
statistics and assimilate this subject 
matter with their previous knowl- 
edge. This has resulted in a wealth 
of papers on engineering applica- 
tions of statistics. On the other hand, 
I don’t feel that the statistician or 
the quality control engineer has kept 
pace technically with the increase in 
complexity of electronics. Definitely, 
in the words of Dr. Mason Wescott, 
“The cook book ‘ain’t’ enough” in 
electronics. 

I realize that the engineer and the 
statistician have a language barrier. 
However, each can offer the other 
something if they will just try. To 
quote Dr. Albert Whitehead, philos- 


opher and mathematician: 


“When you get a group of di- 
verse professional people in a 
discussion, their experience is so 
varied that you are sure to get 
novel contributions to the idea. 
None of them may be final, some 
of them may not be valid, but all 
of them will make some contri- 
bution to the subject, and while 
perhaps they cannot be accepted, 
they will bear study.” 


Let me bring up at this point the 
antipathy that appears to exist be- 
tween the statistician or quality con- 
trol engineer and the engineer. It 
seems to me that some statisticians 
assume there is no physical law un- 
derlying their data and believe only 


what the data say regardless of their 
physical plausibility, while some en- 
gineers take no cognizance of vari- 
ability but believe all results will 
follow the applicable formula. It has 
been pointed out to me that engi- 
neers realize that although all things 
will follow their formulas, the varia- 
tions of materials and testing instru- 
ments will introduce variation from 
the nominal. It seems to me that as 
a group, statisticians working in 
electronics must learn more of the 
fundamentals of electronics and more 
about the products with which they 
are working. In electronics where 
the sample sizes are often minute, it 
is necessary to rely heavily on engi- 
neering judgment in evaluating test 
results. 


2. Reliability Is More Interested in Equipment 

Life 

Going back to the original defini- 
tion of reliability, 

“Reliability is the probability that 

a device, equipment, or system will 

perform its intended function for a 

specified time under given condi- 

tions.” 
we see the phrase “for a specified 
time.” 

Time is a quality characteristic 
with which most QC engineers are 
not vitally interested. To a great ex- 
tent the QC engineer deals with 
what we call “zero time” quality. For 
instance, parts are sampled follow- 
ing MIL-STD-105A and given “zero 
time” test in Receiving Inspection. 
They are then assembled and given 
a “zero time” test on the line. True, 
in electronics work most parts have 
to pass an extended time qualifica- 
tion test, and on occasion, a complete 
assembly is given a “life test,” but 
the emphasis is on keeping the num- 
ber of defects down in the manufac- 
turing process and the assumption is 
made that if the unit passes the test 
at the end of the line it will hold up 
in use. 

In reliability, the emphasis is dif- 
ferent. Usually the cost of the unit 
is so high, particularly in prototype 
equipment, and its mission is so vital, 
that the number of defects occurring 
in the factory is really not the im- 
portant factor. It is assumed that 
every unit will leave the factory per- 
fect. The question is “How long will 
it stay that way?” 

For this reason, the percent defec- 
tive of a lot of material coming in to 
a missile manufacturer’s Receiving 
Inspection Department is almost im- 
material. A much more important 
question is: Of the material received 
which is now good, what is its “mean 
time to failure?” This means that 
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much more than the normal extend- 
ed time-testing of received compo- 
nents is necessary to insure that the 
quality presented by the vendor in 
the first batch of material he sub- 
mitted is being maintained 


3. Reliability Emphasizes Immediate Correc- 
tive Action 


Quality control has emphasized 
controlling the process. This means 
assuring that the defect practically 
never occurs again once it has oc- 
curred the first time. Quality control 
de-emphasizes the remedial activity 
on the defective material once it has 
been found 

Reliability working in an expand- 
ing program cannot afford to slight 
such remedial action. If a process is 
wrong, it is true it must be corrected, 
but it is equally important to rectify 
the damage that has been done to the 
defective material. If the material on 
hand is flown in a hazardous condi- 
tion today, we may not have a proc- 
ess or a program tomorrow. As a 
program matures the emphasis can 
be shifted from immediate corrective 
action on defective material to proc- 
ess control. In a new program it is 
one of reliability’s main tasks to see 
that known hazards in hardware are 
eliminated 


Reliability Is More Interested In The Na 
ture of the Defect Than The Defect As a 
Statistic 


In the early stages of a missile 
program, the reliability engineer is 
more interested in the nature of dis- 
crepancies than he is in the number 
of discrepancies. At this stage the 
control chart for percent defective 
will not do the job for him. In the 
first place, everybody knows the 
process is not in control. Scores of 
changes are occurring every day. In 
the second place, it is not how many 
discrepancies occurred, but what 
were they. 

If a tester on the line sees a new 
defect, for instance a loose tube- 
socket pin that he has never seen 
before, this one event can have great 
significance, and yet never show up 
as an out-of-control point on a chart 
The reason for its significance is that 
it indicates the physical possibility 
that such events can happen again 
and perhaps have happened before 
There is therefore indication of a 
change in the physical parameters 
inherent in the process—a design has 
been changed, a process has been 
changed, or a new batch of material 
is defective. It is not this event as a 
number or as a statistic that is im- 
portant, but the nature of the event 
in terms of its past history which is 


important. To a tester working close- 
ly with a piece of equipment, single 
instances of this type stand out like 
a sore thumb—if a reliability atti- 
tude has been sold. 


5. Reliability Is Interested In Improving the 
Status Quo——Quality Control Is Interested 
In Maintaining It 


In quality control the main job is 
to keep a process in control, meeting 
the standards which are agreed to be 
satisfactory. The “Quality” of an 
item is thus accepted as a manage- 
ment decision, as Ford quality, Cad- 
illac quality, and it is the job of 
quality control to see that manage- 
ment’s standards are put into effect. 

In reliability the emphasis is 
placed on upgrading all standards. 
As equipment gets more and more 
complex, standards must become 
more and more severe. Unfortunate- 
ly the standards for piece parts or 
components do not keep pace with 
the reliability requirements for sys- 
tems of increasing complexity. 

As an example of this, the reli- 
ability specifications which are being 
written today include the ingredient 
of time, but the military specs of the 
parts to be used in the manufacture 
of such products do not emphasize 
sufficiently the importance of long 
life under valid conditions. I do not 
wish to go into the mathematics of 
this situation. Suffice to say that the 
complex missiles being made today 
require electronic parts which have 
a mean life to failure of 50,000 to 
100,000 hours, if the probability of 
missile success is to be as high as 
90 percent for periods of approxi- 
mately ten minutes. (Assuming that 
the distribution of electronic part 
failures follows the exponential fail- 
ure law). 

What does this mean to the missile 
manufacturer? It means that there 
aren’t piece part specifications good 
enough for missile use and he must 
add on his own requirements to MIL 
Specs. This results in so called MIL- 
plus Specs. What does this mean to 
the component manufacturer? It 
means that he is asked to supply a 
part that is definitely above what is 
a normal industry standard by a por- 
tion of his market of almost negli- 
gible size. What does this mean to 
the taxpayer? It means that scores 
of missile manufacturers are running 
qualification tests on the same parts 
without an interchange of data, and 
the duplication of effort is huge. 


Conclusion 


The purpose of this article has 
been to acquaint you with reliability 


and to point out the similarities and 
differences of reliability and quality 
control. It has also been to show you 
something of what the repercussions 
of reliability will be on all manufac- 
turing concerns in the years to come. 


To summarize what reliability is 
and low it is like and different from 
quality control, I submit the follow- 
ing definitions of a reliability engi- 
neer written by Mr. Robert Bolles, 
Office of the Assistant Secretary of 
Defense, Applications Engineering. 


“This bird we have called a reli- 
ability engineer has a long bill 
with two special functions; poking 
into other peoples’ business and 
puncturing the more highly in- 
flated egos of those design engi- 
neers whose beautiful black boxes 
are quite inappropriate to the mil- 
itary scene. On the one hand, this 
bird is a relentless hunter of grem- 
lins, fairies, jinxes, and bugaboos, 
while on the other he is a kind of 
altruistic cuckoo, throwing out of 
the contractor or military nest the 
comparatively useless eggs of the 
domesticated and cagebound de- 
signer and laboriously carrying to 
the next the words of wisdom laid 
by his own close kin, his fellow 
reliability engineers.” 


“In plainer language, the reliabil- 
ity engineer is a researcher, of 
high scientific competence, who has 
learned that a device of great tech- 
nical elegance, capable of remark- 
able performance in the hands of 
a picked crew, is not necessarily a 
good weapon of war. He is the in- 
strument for building into the de- 
sign, provisions which depend on 
close analysis of the vehicle envi- 
ronment in which the device is tc 
operate, the field conditions, and 
above all things, the competence of 
those who are to operate, main- 
tain, and repair it.” 


So far reliability activity has been 
restricted to relatively large com- 
panies working on complex weapons 
systems. In the future, as reliability 
specifications are more clearly im- 
posed on weapons systems contrac- 
tors, it is more than likely that reli- 
ability specifications will then be 
written on all of the many compo- 
nents which go into such systems. 
When this time comes many of you 
will then become actively engaged in 
this business of Reliability. I think 
you will find it interesting and chal- 
lenging and that you will be able to 
make significant contributions by vir- 
tue of your quality control experi- 
ences and training. 
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Sampling of Paper and 


Paper Products 


GEORGE G. MALTENFORT and R. E. BOEDEKER 


Container Corporation of America, Chicago, Ill. 


Preface 
This method was prepared in 1950 and has been a 
Container Corporation standard (CCA - T(C)ml) since 


1952. 


It 


is based on certain principles characteristic of tests 


run on paper and paper products: 


1. 


Paper and paper products can be specified in terms 
of attributes, variables, or both. 

Variables sampling applies to testing paper and 
paper products because paper tests are generally 
normally distributed. We have not, in fact, ever en- 
countered any variables which followed any other 
kind than a normal distribution. 

Lot screening, except for some attributes on prod- 
ucts divisible into units is almost impossible. This 
is true because most measurements are either de- 
structive in themselves, or the removal or prepara- 
tion of the test specimen necessitates the destruc- 
tion of an item of product. 


We wish to acknowledge our gratitude to Mr. L. J. 
Jacobson of the International Resistance Company of 
Philadelphia for permitting us to use his nomograph in 
our standard. 


1. Scope 


a. 


This method describes the procedures for sampling 
paper and paper products and provides criteria fo1 
making consistent decisions based on the evidence 
from the samples as to whether a lot of material 
does or does not conform to specifications. 


. Paper and paper products may be classified as 


bond, writing, printing, envelope, wrapping, build- 
ing, glassine, and condenser paper, paperboard, and 
container board in rolls, skids, frames, cases, or 
bundles, solid fibre and corrugated containers; 
folding and set-up cartons; fibre cans; bags; paper 
towels and tissues. 
Two procedures are recognized in this method, as 
follows: 

Commercial Sampling Procedure 

Referee Sampling Procedure 
These two procedures are to be applied to both 
qualitative and quantitative specifications 


Definition of Terms 


a. 


The term “lot” shall mean “inspection lot,” i.e., a 
collection of units of product about which it is de- 
sired to make a judgment as to conformance to 
specifications by examining or testing a small frac- 
tion, called the sample. 

Unit of Product is the entity of product inspected. 
It may be a discrete piece such as a sheet, a con- 
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tainer, a carton, a bag, etc. It may be a single ar- 
ticle, a pair, a set, a length, an area, etc., of the 
finished product or a component thereof. The unit 
of product may have to be arbitrarily chosen in 
those cases where material presents no natural di- 
vision into discrete pieces, for example in the case 
of roll stock. 

A sample is one or more units of product drawn 
from a lot, the units of the sample being selected 
without regard to their quality. 

Qualitative or attribute specifications are defined 
as those of a non-numerical nature, that is, classi- 
fication of the characteristic of the unit of product 
into one of two classes. Example: the unit of prod- 
uct has correct or incorrect dimensions, contains or 
does not contain a flaw, is defective or non-defec- 
tive, etc. 

Quantitative or variables specifications are defined 
as those of a numerical nature, that is, measure- 
ment of a characteristic on a continuous scale. Ex- 
ample: tensile strength, weight, brightness, mois- 
ture content, etc. 

A defective is a test unit showing any deviation 
from the requirements of a specification, design, 
contract, or order. For qualitative specifications, it 
is a test unit falling outside the tolerances, con- 
taining a flaw, or failing some other visual attri- 
bute. For a quantitative specification it is a test 
unit whose numerical test value is less than a spe- 
cified minimum or more than a specified maximum 
limit or both. The fraction defective in the sample 
is the number of defective test units divided by the 
total number of units tested. 

A desirably low value of fraction defective is de- 
fined as the average fraction defective that can be 
tolerated by a consumer while still retaining satis- 
factory, economic functioning of the material 

An undesirably high value of fraction defective is 
defined as the fraction defective that prohibits sat- 
isfactory, economic performance of the function of 
the material. 


The producer’s risk is defined as the probability or 
the chance the producer takes that, on the basis of 
the sample evidence, a lot of material actually hav- 
ing a desirably low fraction defective will be judged 
as not conforming with the specification. 


The consumer’s risk is defined as the probability or 
chance the consumer takes that the judgement will 
be made that a lot conforms to the specification 
when the true fraction defective is actually unde- 
sirably high. 





3. Report 


The report of commercial and referee testing results 
shall include the information shown in Fig. 1 


4. Description of the Lot 


a. A lot should consist of product available in its en- 
tirety for sampling at one time. So far as possible 
it should consist of material that has been pro- 
duced under what are judged to be the same essen- 
tial conditions. An attempt should be made to 
avoid grouping together batches of product that are 
likely to differ from one another because of differ- 
ences in raw material or manufacturing methods or 
conditions. The lot size should be as large as pos- 
sible consistent with these and other economic and 
technical considerations. Small variations from the 
usual lot size are permissible. It must be clearly 


reported what quantity of goods constitute a lot. 

The lot must be such that it can be sampled by 
practical systems. A roll from which sample units 
can be taken at only one spot cannot be considered 
a lot unless special provision is made to obtain 
sample units at random throughout the entire roll 


A complete description of the lot to be sampled and 
tested to determine conformance to specifications 
should be agreed upon by the parties involved 
This description should include the quantity, size, 











Sampling for these tests has been 
carried out according to 
CCA Standard T(C)ml 
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Figure 2 


weight, etc., of the rolls, skids, bundles, etc., sub- 


mitted. 


5. Method of Selecting the Sampie Units 


a. The inspector should attempt to draw items from 
a lot so that these items constitute a sample that 
fairly represents the quality of that lot. The type 
of sample most nearly meeting this condition is a 
“random” sample. Effective randomization cannot 
be accomplished by the simple expedient of issu- 
ing instructions to “choose units at random” or take 
a “representative sample.” The randomization must 
be deliberate, objective, and planned. Neither fa- 
miliarity with the process or the product can be 
substituted. 

. This randomization can be achieved only by some 
procedure which is equivalent to: 

1. Assigning numbers to the sample units or 
items in the lot. 

2. Drawing numbers from a hat of chips or tags 
or a table of random numbers to decide which 
sample units are to be in the sample (see 
“Table of Random Numbers” on page 22). 

There are many modifications of this method which 
give every unit in the lot an equal chance to be 
included in the sample and eliminate the possibility 
that the quality of the unit has a bearing on 
whether or not it is included in the sample. Among 
these, are the use of decks of cards, wheels of 
chance, dice throwing, etc. A short table of ran- 
dom numbers is included in this standard for use 
in selecting sample units or items. An illustration 
of its use is given in Note 1. 

In the case of rolls, care shall be taken to select 
units that are not damaged. It is good practice to 
discard the first three layers of the roll to be sure 
of obtaining a sample unit in good condition. 
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d. The sample units of sheet paper or board shall be 
trimmed with their edges exactly parallel to the 
machine and cross direction. 


. The units in the sample should be handled 
throughout in accordance with all the usual pre- 
cautions of the best laboratory techniques and of 
the standard test methods applying. The sample 
units shall be kept smooth and flat, and protected 
from exposure to direct sunlight, contact with liq- 
uids, moisture of the hands, and other harmful 
influences. Units to be tested for moisture shall be 
placed immediately in an airtight container for 
storage. Physical tests shall not be made on test 
units in which there are flaws or watermarks. 


. Samples collected without use of objective ran- 
domization procedures should not be used for de- 
termining conformance to specifications unless pro- 
ducer and consumer so agree. The report should 
note such an agreement. 


6. Determination of Sample Size 


a. The number of units which make up the sample 


depends chiefly on technical and economic consid- 
erations of the quality and the degree of protection 
required. The quantities defined in Sections 2 (g, 
h, i, j) i.e., the desirably low value of fraction de- 
fective (p,), the undesirably high value of fraction 
defective (p.), the producer’s risk (a), and the con- 
sumer’s risk (}), form the basis for determination 
of sample sizes for both the qualitative and quan- 
titative specification tests. The decision as to what 
are reasonable for these, and the specification of 
what constitutes the maximum and minimum limits 
above and/or below which the unit shall be con- 
sidered to be defective, is a matter which must be 
left to the judgement, skill, and knowledge of the 
producer and consumer, between whom a mutually 
satisfactory agreement shall be reached. 
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b. 


*. Two charts are 


In the case of referee tests the producer’s risk shall 
be 0.05, 5 percent and the consumer’s risk shall be 
0.10, 10 percent. 

included in this standard which 
make it possible to determine a sample size given 
the four quantities listed in (a) above. The first of 
these (see Fig. 2) is for use where quantitative 
measurements are made. An example of its use is 
given in Note 2 (a). When only qualitative classi- 
fication is used the second chart (see Fig. 3) is to 
be used. An example of its use is given in Note 
3 (a). 


7. Decision as to Conformance 


a. 


b 


The conformance criteria for the variables sam- 
pling plan is based on the average (X)* and stand- 
ard deviation (s)* of the sample test values. The 
lot is judged to be conforming if for the sample 


X ae ks (for a specified maximum limit) 


x Linis ks (for a specified minimum limit) 


otherwise it is judged non-conforming. A sample 


calculation is given in Note 2 (b) 


The conformance criteria for the qualitative sam- 
pling plan is based on the number of defectives 
found in the sample. The lot is judged to be con- 
forming if for the sample the number of defectives 
is equal to or less than the acceptance number c 
If the number of defectives is greater than c the lot 
is judged non-conforming. An example is given in 


Note 3 (b). 


*xX (X 


where X is an individual test value obtained from a test unit 
n is the total number of test units in the sample 
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Ratio of fraction defective in "bad" lots 


2 3 4 5 6 78920 


to fraction defective in “good” lote 
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2 
VALUE OF pn 


GRAPHICAL SOLUTION OF DETERMINATION OF SINGLE SAMPLING PLAN 
Example Shows Plan Which Will Accept 2% Defective Material 99% of the Time, but Accepts 10% Defective only 10% of the time 
(Chart reproduced by permission from “Sampling Inspection Tables,” H. F. Dodge and H. G. Romig, John Wiley & Som, New York Cory) 


Figure 3 
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8. Examples and Comments a sample of 24 sample units from which 24 test 
units are obtained, one from each sample unit 

Note ! 
Let the lot consist of 100 bundles of 10 units per 
bundle. A single sample of 24 is required. Num- 
ber the bundles from 1 to 100. Draw 24 numbers 
from the random table between 1 and 100. The 
table can be entered at any point and consecutive 
numbers taken by going down a column, across a 
row, or diagonally across a page, discarding any 
number that turns up a second time. For this ex- 
ample the numbers were taken starting in the ex- 
treme left hand column and going down the col- 
umns in turn from left to right. These numbers 
indicate which bundles are to be set aside for sam- 
pling. Then choose a number from 1 to 10 to be 
associated with the 24 previous numbers. This sec- 
ond number indicates which unit in the bundle is 
to be selected. On the first drawing the numbers 
in the first column (before the dash), and on the 
second drawing the numbers after the dash were 


Note 2 

Let it be required to determine a sample size for 
testing conformance of the mullen strength of a 
lot where the specified minimum limit (L,,;,) is 
200 lbs., the desirably low value of fraction defec- 
tive (p,) is to be 0.05, the undesirably high value 
of fraction defective (p.) is to be 0.20, with the 
producer’s risk (a) at 0.05 and consumer’s risk 
(6) at 0.10. 

On the nomograph, draw a straight line connecting 
the fraction defective, p, 0.05, on the left hand 
vertical scale and the associated probability of 
acceptance, (1 — a) 0.95, on the right hand 
vertical. 

Then draw a straight line connecting the fraction 
defective, po = 0.20, on the left hand scale and the 
associated probability of acceptance 0.10, on 
the right hand scale. 

These two lines intersect on the grid between the 
two vertical scales at a point defined by n 24 
and k 1.2, which determines a sampling plan. In 
words, this plan says that the producer shipping a 
lot of board in which not more than 5 percent of 
—e all test units are below 200 lbs. mullen does not 
- ae run a risk of more than 5 percent that his product 
lig will be judged non-conforming by tests on a 
Ml : random sample of 24 units, and the consumer who 
: 46 : receives a lot in which 20 percent of the units are 
s1— 30- below 200 lbs. mullen does not run a risk of more 
than 10 percent of judging the lot conforming on 


obtained as shown below 


~~ 3 ee a} CO 


A double number such as 8—3 designates the 3rd the evidence of a random sample of 24 units. 
unit in the 8th bundle. The units corresponding to It will be assumed that the sample units drawn as 
these numbers are selected as designated, forming illustrated in Note 1 (a) according to the sampling 
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ANDOM DECIMAL DIGITS) 
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plan picked out in Note 2 (a) produced test results 
as listed below: 

216 218 219 220 

217 223 222 224 

221 219 218 216 

219 222 220 222 

218 224 219 223 

219 217 223 220 
These values are summed and divided by 24 to give 
the average, X 220. Each value is squared and 
the sum of these squares is substituted in the 
formula for the standard deviation, 


\ DX? — (EX)2/n 
my 1 


For the above values, s 2.46. This average and 
standard deviation with the minimum limit and k 
given in part (a) above are substituted in the 
conformance criteria for specified minimum limit: 
(1.2) (2.46) 203 

Since the average is higher than the quantity on 
the right hand side of the equation, the lot is 
judged as conforming to the specification. 


Note 3 

This method of determining a sampling plan is 
based on the fact that the pn scale on the chart 
(see Fig. 3) is logarithmic, so that the linear dis- 
tance from 1 to 2 is the same as from 2 to 4, o1 
from 4 to 8, and so on. Cut an L-shaped piece of 
plastic, and along the horizontal edge of this L 
plot the pn ratio, which is the same wherever we 
No scale is drawn 


220 = 200 


place this scale on the chart 
along the vertical axis of the L 


Let it be required to devise a sampling plan which 
will judge 2 percent defective (p, 0.02) material 
conforming 95 times out of 100 (producers risk, 
a 0.01), but will judge as non-conforming at 
least 90 times out of 100 (consumer’s risk, } = 0.10) 
material that is 10 percent defective (p 0.10) 
First, determine the ratio”, i.e., the 
ratio of the undesirably high value of fraction 
defective (bad lots) to the desirably low value of 
fraction defective (good lots): 
Po/P; 0.10/0.02 5 

Then set the L on the chart, with the horizontal 
scale edge with the consumer’s risk 
line, which is 0.10 in this example. Make a pencil 
mark on the vertical edge which coincides with 
the required producer’s risk which in this case is 
(1 ct) 0.99. Now slide the L horizontally until 
a position is found such that some c curve passes 
through the point on the vertical scale, and also 
through or just to the right of the proper operating 
horizontal scale. For the 


“operating 


coinciding 


ratio number on the 
example shown, this requirement is met by the 
c 5 line. Since the corresponding value on the 
pn scale is 1.8, the sample size is given by 


n pn/p, 1.8/0.02 90 


It will be assumed that a sample of 90 units was 
drawn from a lot by the methods given in Note 1 
according to the plan found in (a) above. These 
units were to be classified as “dirty” or “clean” 
by visual comparison with a set of standards. By 
definition, those classified as “dirty” will be the 
defectives. Ten such defectives were found in the 
samples of 90, and the lot is therefore judged to be 
non-conforming, since the acceptance number c is 
equal to 5. 
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Multiple-Unit Reset Counter 


To know WHICH prod- 
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“Egg-Crate- 
Sampling 


a key to higher 


quality on low 
quantity production 


WILLIAM R. BAKER 
Parker Aircraft Co., Subsidiary of Parker-Hannifin Corp., Los Angeles, Calif. 


Standard inspection procedures based on statistical 
samplings of machined parts do not control quality 
they only report quality. This is satisfactory if only a 
few machining operations are involved between inspec- 
tion stations, but it can be expensive and wasteful 
whenever a number of operations are performed by a 
single machine operator. A large amount of machine 
time may be devoted to a part that is already off- 
specification, and a number of rejects may be produced 
before routine inspection catches the erro: 

Obviously, an inspector cannot be assigned to each 
work station. This would be uneconomical, too. The 
answer, as developed by Parker Aircraft Co., is to make 
each machine operator a part-time inspector. The “egg- 
crate” inspection system, as it is called, assigns the 
operator the task of running a continuous check on his 
own work. It takes a certain proportion of his time, 


Figure 1—Hydraulic valve bodies in egg crates are awaiting machining. 
Parts are arranged in the crate in numerical order. Latest engineer- 
ing drawings, gaging lists, and routing slips are attached to the 
side of each egg crate. 
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but the results are worth it. In one case, Parker 
switched to the egg-crate system and immediately 
dropped its customer rejection rate on a complex 
hydraulic control mechanism from 10.9 percent to 0.70 
percent. 

The egg-crate system gets its name from the rack that 
is used to contain all parts during machining operations. 
This rack (see Fig. 1) closely resembles an egg crate. 
When a group of parts are ready for machining, they 
are delivered to the machinist in the crate. After each 
part is machined, it is returned to its own egg cell. Each 
part remains in its cell throughout the entire manufac- 
turing process. (Figure 2 shows a machinist and his 
“egg-crate”’ and Figure 3 shows a _ production line 
set-up.) 


What is the Egg-Crate System? 


Egg-crate quality control combines progressive sam- 
pling by the machine operator with random sampling 
by inspectors. 

Progressive sampling by the operators, and the man- 
ner in which the sampling is done, are unique features 
of the system. The frequency of check is determined, 
as in any inspection system, by the Director of Quality 
Control. He determines the maximum number of parts 
in a group that can be allowed to escape rejection. Using 
statistical tables, he can then determine how many 
parts out of every hundred or every thousand must be 
inspected. For example, every fifth part is inspected at 
Parker when a certain type of valve body is being 
machined. 

In this particular case, rough bodies arrive at Parker 
after they have been cast. They are first inspected for 
defects as required by Military Specifications. Prints 
and routing orders are checked for possible revisions. 
This insures that the bodies will be machined accord- 
ing to the latest specifications. Chemical and physical 
analyses of the parts are reviewed to be sure that they 
meet specifications. (When the bodies were cast a job 
number was stamped on each part; in this way, ti.e 
chemical and physical properties of each casting can be 
determined during production and after delivery). If 
the bodies pass this inspection, they are ready for 
machining 

Each part is next placed in an egg-crate. As each part 
is put in its cell, it is stamped with a number. If there 
are, for example, 100 castings in a group, the first 
casting placed in the rack is stamped number one, and 
the rest in numerical order. These numbers are also 
put on the purchase order for future reference. The 
latest engineering, routing, and process drawings are 
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attached to each rack. Then the rack is released to 
production. 

Machining of each body is done in numerical order 
The machinist starts with part one and works in order 
to part 100, or to whatever number of parts there is in 
a single rack. A gaging list is included in the process 
drawings attached to each egg-crate. 


Gaging List 

The main purpose of the gaging list is to provide the 
Inspection Department with an accurate progress and 
condition report. An example of a gaging list is shown 
in Fig. 4. The list shows the machinist the dimensions 
that must be checked and the frequency of check that 
must be used in order to maintain a high standard o! 
quality. 

Figures in the top row of the gaging list are part 
numbers. All entries in the left column show the dimen- 
sion which must be checked. When a valve body meets 
all requirements, operator's initials are entered in the 
proper square. (Clock number is not used as it is 
related to regimentation). If the part does not meet 
the requirements, then a check must be put in the 
square. When finding a part that does not meet specifi- 
cation, the machinist checks all parts since the last 
inspection. 

For example, suppose that the body numbered 15 
passed, but the body numbered 20 did not pass inspec- 
tion. Then the four preceding parts (19 through 16) are 
checked to see if they pass inspection. In this way the 
machinist can readily determine if he has made an 
error on one part, or if his tooling needs adjustment o1 
replacing. Instead of having to check through a whole 
group of parts, only four must be checked. Further- 
more, if something has happened to the tooling, a very 
small number of parts have been worked before the 
trouble is found. 


Rejected Parts Remain in Rack 


When a part fails to pass inspection, it is reworked as 
soon as possible. If rework is impossible, MRB action is 
taken; if scrap, the part is painted red and replaced in 


the rack. (Spray can is in possession of inspector) 


Figure 2—Machinists remove parts from egg crate for 
machining. Following machining operations, each part is 
placed back into the cell from which it was removed 
Gaging list is placed directly behind machinist so that 
it can be easily checked. Tag located on cell where 
part is missing gives reasons why part has been removed 
and its present location. Other missing part is being 
machined 
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This is an important feature of the egg-crate system. 
Then the actual condition of the part, along with the 
part number, is recorded on the back of the gaging list. 

Leaving rejected parts in the egg-crate serves several 
functions. First, it gives the machinist an indication of 
the quality of his work. Naturally, a good man does not 
want his rack filled with rejected parts. Second, it 
permits the foreman to isolate the cause of a high 
rejection rate. He can immediately determine which 
operator and which machine are responsible. This 
allows adjustments to be made, if necessary. Third, 
it allows the production planner to estimate how many 
acceptable parts he will have at the end of machining 
Fourth, it simplifies the work of Quality Control in 
determining the reject percentage. Fifth, assignable 
causes are quickly determined by action committee of 
Quality Control, Production, Process Engineering and, 
if necessary, Design Engineering 


Random Inspection 


During machining, inspectors check parts along the 
line. Parts, other than those checked by the machinist, 
are spot checked. The inspector is also responsible for 
seeing that the proper gaging lists are at each operation 
Furthermore, he is responsible for maintaining detailed 
corrective action reports on the back of the gaging lists, 
including tool changes, fixture correction, and operator 
instruction. 

When machining operations are completed, a review 
of the gaging lists and rejects is made. Scrap parts are 
removed from the egg-crate, and visual inspection is 
performed on the remaining parts to see if any damage 
has occurred during handling. If no damage has oc- 
curred, the parts are released 

By using the egg-crate system, final inspection has 
been eliminated; inspection along the line replaces the 
final inspection. Therefore, fewer inspectors are re- 
quired and the Inspection Department becomes a true 
Quality Control Department 


Master Books Maintained 


Quality Control maintains a master book on every 
run that is being made in the plant. The master book 


Figure 3—The egg crate system is used extensively in 
the Hydraulics and Fuel Divisions of Parker Aircraft Co 
The crates can be easily modified so that they will 
hold parts of different sizes and configurations 
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Figure 4—Detailed inspection and corrective action reports are made 
on the gaging lists. This enables a permanent record to be kept of 
every part that has been inspected. In addition, the causes for 
rejection are easily determined 


includes a gaging list, a guide for the machinist’s use of 
the gaging list, duties of the line inspector, instructions 
for maintaining proper records of corrective action, and 
instructions for control of rework by the machinist and 
by the foreman. The master book contains all informa- 
tion necessary for successful operation of the egg-crate 
system 

The system increases production and quality, and at 
the same time, reduces scrap and rework. Since the 
machinist inspects his own work, he becomes more 
conscious of quality. Therefore, he will produce fewe1 
rejected parts. This cuts down the amount of rework 
required, and as a result, more time is spent in pro- 
ducing acceptable parts. In some cases, Parker has 
found that its production has almost doubled. Further- 
more, the machinist knows the capability of himself:and 
of his machine. 

An important feature of this system, from the view- 
point of quality control, is that the system proves 
machine capability as production proceeds. In other 
words, machine capability is proved at the same time 
parts are being inspected. 


Arguments Against the System 


The main argument presented against this system is 
that checking is done on the line by the operators. 
Since time is spent checking, the operator cannot pro- 
duce as many pieces. This argument simply is not valid, 
at least in Parker’s experience. In many cases, the total 
plant productivity goes up, due to a decrease in the 
number of rejections. Furthermore, the machine seldom 
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stops. Inspection is carried on as the machine is work- 
ing. Since the system definitely reduces the number of 
rejects, up to 90% in some cases, the machinist spends 
more of his time producing acceptable parts. In order 
to reduce the time required for checking, however, the 
best inspection tools and the simplest means of checking 
are provided for the machinist 

Another argument brought forth against the system is 
that theoretically the system will work, but since the 
machine operators must carry on two separate catego- 
ries of activity, how is it possible to obtain union 
endorsement of such a plan without up-grading and 
retiming every job? 

In answer to this question, one point should be made 
clear. The system, as has been outlined here, has been 
employed very successfully for some time in the Engine 
Accessories Division in Cleveland, as well as in the 
Fuel and Hydraulic Divisions of Parker Aircraft Co. in 
Los Angeles. In both instances the unions have en- 
dorsed this plan because of the mahner in which it was 
set up and presented to them. The egg-crate system, 
therefore, has worked as well in practice as in theory 


Up-Grading Not Required 


Every well established plant or machine shop has job 
classifications such as machinists, drill press operators, 
milling machine operators, inspectors, etc. Embodied in 
each classification is a complete job description, which 
describes in detail what the man shall be capable of so 
far as workmanship and inspection of his own work 
Each man is then paid according to his job skill and 
according to the job classification. 

The job descriptions at Parker for each type of opera- 
tor clearly state “that each operator must be capable 
of working to extremely fine tolerances.” Therefore, in 
order for an operator to be able to work to very close 
tolerances, he must be able to check his work with 
standard checking equipment, such as micrometers, 
depth micrometers, go-no go, indicator gages, etc. As a 
result of this classification, each machinist knows that 
when he is hired he must be able to check his work 
It is impossible to produce high precision parts without 
some checking by the machine operator. As was stated 
previously, standard inspection procedures based on 
statistical samplings of machined parts do not control 
quality; they only report quality. Therefore, to elimi- 
nate high scrap and rework rates, large amounts of 
sorting, and variances at assembly, parts must be in- 
spected as they are machined 

In most cases, machinists or operators are paid a 
higher rate than the line inspectors who are inspecting 
the work within the confines of the operators’ classifica- 
tions. It must be pointed out that the operators are not 
required to do lay-out inspection. They are only re- 
quired to use standard inspection equipment used by 
lower paid inspectors. 

Generally, a man is expected to do work that is equal 
to, or less than, his skill calls for. In these cases, there 
is no valid excuse for the union or the employee to 
demand higher rates of pay for inspecting his own work 

Therefore, in cases where machinists are producing 
parts to close tolerances, they are most likely inspecting 
their own work. As a result, they are required only to 
continue their inspection at regular predetermined in- 
tervals, and to record the results of their findings 
Placing the parts in the egg-crate itself obviously does 
not require any additional work since they must place 
them in some sort of a cart or box following machining 
even in cases where the system is not used 
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Retiming May Be Required 


The Fuel and Hydraulic Divisions of Parker Aircraft 
Co., where the egg-crate system is used extensively, is 
not on standard or piece work rates primarily due to 
short production runs. Therefore, retiming has not been 
required. However, the Engine Accessories Division in 
Cleveland operates on standard rates that have been 
incorporated after standardization and stabilization of 
frequency checks based on the egg-crate sampling plan 
A time allowance is included in these standards, and 
inspection personnel are responsible for making sure 
that the checks are made 

In order to put the egg-crate system into effect, 
standards must be revised. At every operation where 
an inspection must be made, the time to produce each 
part must be changed in order to account for the time 
spent on inspecting. At no time should the operators 
be required to do any operation that is not allowed in 
the time standards. Therefore, it is essential that all 
time standards be reviewed, prior to installation of the 
system, guaranteeing that adequate time has been al- 
lowed for inspection. Although the time per operation 
is slightly increased, overall time savings are made be- 
cause of the many advantages of the system that have 
been previously mentioned. 

Close cooperation between the Standards Department 
and Quality Control is essential to determine the proper 
standards that are to be used. Quality Control first 
should check with all production supervisory personnel 
to determine the minimum amount of inspection to be 
enforced by production supervision. Then Quality Con- 
trol determines the frequency of inspection. After the 
frequency of the inspection cycle has been determined, 
Standards either accepts or opens it up for discussion 
prior to the determination of piece work rates o1 
standards. 

For example, Quality Control, after consultation with 
production supervisors, determines that a certain dimen- 
sion on a valve body has to be checked every 15 parts. 
Inspection is to be performed by the operator by insert- 
ing a standard go-no go gage. The time required for 
this inspection operation is determined by the Standards 
Department from a standard data source, and was 
found to be 0.118 min. Therefore, the inspection time 
allowed on each part is 0.0079 min. (0.118/15) 


Where the System Works Best 


A point to keep in mind is that this system works 
best in a process where the operator is required to do a 
number of operations. In machining valve bodies, for 
example, one operator may perform as many as 12 
different operations. If the operator performs only one 
or two operations, an adjustment is made on frequency 
checks. The advantages of progressive samplings are 
twofold; first, it is possible to prevent work from being 
done on rejected parts, and second, in cases where the 
tooling is faulty, a minimum number of parts are pro- 
duced before the trouble is detected. 

Wherever possible, variable checking equipment is 
provided at Parker because it can be adjusted to any 
subsequent runs of like nature. It is essential that the 
machinist have the proper inspection tools. The method 
of inspection is very important. The simplest possible 
accurate means must be provided or developed—if the 
machinist is to do the proper job in a minimum amount 
of time. 


Education of Management 


To begin the egg-crate or any other quality control 
system in a plant, management must first be sold, be- 
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cause only with the full-hearted cooperation of manage- 
ment, can the plan succeed. Plans should be presented 
in a clear manner, so that they can be understood with- 
out referring to textbooks. If management must make 
use of reference materials in order to understand the 
plan, then shop people probably will not be able to un- 
derstand it without difficulty. Therefore, the first step is 
to get the approval and backing of management of a 
clear, concise plan. 

The best procedure is to start the plan in a depart- 
ment that is having a great deal of difficulty with quality 
or productivity. In this way, when progress is made it 
will be a greater accomplishment. In addition, the de- 
partments that are not having a great deal of difficulty 
will be impressed by the great improvements that are 
being made. If the plan is started in a group that is 
operating very well, the other groups may feel that they 
cannot be as successful. The important point here is that 
a certain amount of psychology must be included when 
trying to create enthusiasm for a plan that on the sur- 
face appears to be only additional work for the machine 


operators and supervisors 


Selection of Personnel 


Having selected the department in which to try the 
egg-crate system, the next important step is to select the 
personnel who will administer it most effectively. A de- 
partment head who is willing to accept new ideas must 
be selected, because the Quality Control Group must be 
able to sell him thoroughly on the benefits to be ob- 
tained from this system. Furthermore, personnel who 
will follow instructions to the limit must be chosen, for 
if there is an unpredicted slip-up that does not get re- 
ported, the whole purpose of the plan has been defeated 


In addition, inspectors must be chosen who are capa- 
ble of diplomatic actions. In the egg-crate system any 
mistake can be traced back to the machinist who made 
it; therefore, the inspector must be able to tell the ma- 
chinist that his parts are not satisfactory and he is there 
to help him find out why. There is more personal con- 
tact required in this system than in other types of sys- 
tems. Supervisory and inspection personnel must there- 
fore be selected carefully in order to obtain maximum 
benefits. 

The entire manufacturing process must be reviewed 
with the foreman and with the inspectors to be sure that 
all operations are properly gaged. Each person must be 
thoroughly convinced that the egg-crate system will im- 
prove overall operations. At this point, all should be 
encouraged to offer any suggestions that will make the 
plan more effective. Again, methods and not the expen- 
diture of money should be stressed. Now the plan is 
ready to be presented to the machine operators 


Educating the Machinist 


Education of the machinists is very similar to what 
has been done for management and supervisory person- 
nel. Each operator must be thoroughly convinced in his 
own mind that he is part of an important operation. He 
must know that he is making a quality product. In addi- 
tion, he must realize that the system is not being put 
into operation to find out how many mistakes he makes, 
but rather to increase the quality of the product he turns 
out. He must be shown that he will be able to take more 
pride in his work because he will learn his own capa- 
bilities 

Furthermore, it should be emphasized that he will 
learn the use of new tools as he checks his work, and 
that this will make him a more valuable man. High mo- 
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rale based on recognized good workmanship, and a de- 
cent day’s work done will in most cases outweigh any 
other incentives that management can offer 


Results 


On the surface, the egg-crate system might appear 
awkward and laborious. Actually, it becomes very sim- 
ple after it is put into operation. Not only are less in- 
spection personnel required in the egg-crate system, but 


also a large reduction in a customer rejection occurs. An 
improvement in overall efficiency of manufacturing is 
brought about by improved techniques accompanied by 
reduced costs for each unit produced. 


After a plan such as the one outlined here becomes 
effective in one department, usually after four months 
on the average, management generates its own enthusi- 
asm to use the same system in all the production depart- 
ments where it might be adaptable. 
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5 gw shortage of scientific and professional personnel 
has become a problem of great national concern. This 
shortage is being viewed by most people in a fourfold 
manner—the short term vs. the long term and quantity 
vs. quality. Decisions that are right for the short run 
may lead one astray when applied to the long run. 
Everyone concerned with the production of items, o1 
of skills, knows that quality and quantity are not nec- 
essarily independent. Educators have known for yea 
that within a given framework of budget, facilities, and 
methods, an increase in quantity is often accompanied 
with a decrease in quality even in the short run, and 
they accept as an undeniable fact that in the long run 
the quality-quantity relationship is negative. We should 
not interpret this to mean that it is impossible to increase 
both the quantity and quality, but it does indicate that 
it is the framework which should be investigated. An 
appropriate solution to the problem of increasing both 
quality and quantity would be recognized by the student 
of geometry as one which involved the transformation 
from one iso-line to another iso-line, the statistician 
would change from one response curve to another re- 
sponse curve, while the industrialist would program an 
optimum mix of input for a specified quality of output 

When the quality control engineer finds that his pro- 
duction process is in statistical control, if it ever is, and 
yet his product is too low in quality, he knows that he 
can accomplish very little improvement by “cracking his 
whip” over the technicians, but he recognizes that the 
chance for improvement lies in the hands of the tech- 
nologists. Industry has learned that quality cannot be 
inspected into product. Quality must be built into a 
product, and this can be done economically only if 
processes have been appropriately designed. It takes 
fortitude and foresight for industrial management to 
retool, and it will take an exceptionally high type of 
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leadership in the field of education to “retool” for in- 
creased quantity and quality in our educatienal process. 
Although we may accept as a fact that a real shortage 
of certain critical personnel exists, we may not agree 
as to the cause, and certainly we shall experience differ- 
ent proposals for remedies. It is not my intent to discuss 
all of the educational problems facing our leaders today, 
but I do propose to make a few comments and sugges- 
tions concerning the manpower shortage in the field of 


statistics. 


Statistics is a Distinct Discipline 


I think of statistics as a discipline separate and distinct 
from mathematics, economics, or any other subject mat- 
ter field. A man trained in any of our well-established 
statistical centers experiences a way of thinking which 
is not inherent in the philosophy of any other field of 
study. Unfortunately, the title, “statistician,” has been 
appended to many different job descriptions, but to me 
it is a professional title in the same manner and on the 
same high plane as the titles of physicist, chemist, and 
mathematician. In most of our colleges the teacher of 
physics is a physicist, the teacher of chemistry is a 
chemist, but too frequently we find that the teachers of 
courses labeled statistics are not statisticians at all. More 
than likely they are economists, or psychologists, or 
mathematicians who are teaching more economics, psy- 
chology, or mathematics than statistics. Throughout this 
article, as I do in my everyday thinking, I shall use the 
title, statistician, to encompass that group of professional 
people who have been trained in the philosophy and 
discipline of statistics. This does not exclude individuals 
who have been trained in other subject matter fields 
but who have learned statistics as a tool essential to re- 
search in their chosen field of interest. It is a well- 
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known fact that some of our most outstanding contrib- 
utors to the field of statistics have been men from other 
disciplines. 


We find specialization in the field of statistics in these 
modern times. We hear of the mathematical statistician, 
the applied statistician, and the consulting statistician. 
Each of these must choose an area in which to concen- 
trate or else be a jack of all trades and master of none. 
The field of statistics is fast expanding its horizon, and 
it doesn’t take a very long vacation from statistics to 
be left behind. The mathematical statistician may choose 
from many fields such as testing hypotheses, estimation, 
probability and distribution theory, multivariate anal- 
ysis, or nonparametric statistics. The applied statistician 
may select such fields as experimental design or sam- 
pling design and, when acting as a statistical consultant, 
may concentrate on special areas such as, biometry, 
econometrics, psychometry, or industrial statistics. 


Shortage of Statisticians is Acute 


The shortage of scientific manpower is especially acute 
in the field of statistics. This is nothing new, for this has 
been the situation for the last thirty years at least. It 
didn’t take a Sputnik to point out that we are short of 
statisticians. The increasing interest in basic scientific 
research will certainly increase the demand for statis- 
ticians. Even in the era B.S. (Before Sputnik), the 
yearly demand by educational institutions alone would 
not have been met by the entire production of statistic- 
ians at the Ph.D. level. Our graduates are not plagued 
with finding an acceptable job, but rather they worry 
about which of the many good jobs is best for them. 


Certainly the cause of this shortage of statisticians is 
a multidimensional one. The increasing awareness by 
industry, government, business, educational institutions, 
and research organizations of the importance of statistics 
as a tool which is useful in procurement, production, 
marketing, and research and development has been in- 
strumental in determining the demand. The mathe- 
matical and statistical approach to decision making is 
becoming commonplace in many of our progressive and 
successful organizations in business, government, and 
industry. On the other hand, educational institutions 
that are providing effective and complete programs for 
the training of statisticians are too few in number. A 
wider geographic distribution of such training centers 
would be helpfu! in alleviating the present and ever 
growing shortage. Although in the past few years sev- 
eral institutions have ventured into a modern program 
in statistics, these are still too few to train and develop 
the statistical personnel needed today. Most of our train- 
ing centers in statistics are less than twenty-five years 
old. North Carolina State organized its center in the 
early 1940’s, which was about the same time that Iowa 
State graduated its first Ph.D. with a major in statistics. 


Every institution with a major program in statistics 
is faced with a real shortage of teaching, consulting, and 
research personnel. The situation of a shifting staff is 
stifling the statistics programs in several of our South- 
ern institutions. Continuity of staff is a must in any 
graduate program. Stability of staff may be effected 
by a policy of careful selection of “good” teachers and 
well-trained statisticians who are dedicated to the teach- 
ing and training of statisticians. Although the pay scale 
in many institutions is not as high as it should be, a 
liberal policy of off-campus consulting will assist in 
warding off the temptations of higher pay which are 
continuously before each of us. 
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Although this terrific demand for the very limited 
supply of trained statisticians poses a very critical prob- 
lem for the development of a sound and expanding sta- 
tistics program in our educational institutions, there are 
other reasons limiting the number of institutions that 
are willing to embark on a strong program in statistics, 
or that are willing to strengthen their existing programs. 
It appears that one of the basic reasons is the failure of 
our educational and administrative leaders to recognize 
statistics as a separate discipline, but rather persist in 
regarding it a branch of mathematics, economics, 
biology, or some other subject matter field. Too many 
people feel that statistics for economists should be taught 
by an economist, statistics for biologists by a biologist, 
and industrial statistics by an engineer. This is one of 
the most deterring factors in the development of modern 
statistics programs. It should be said, of course, that 
introductory courses in statistics, even when taught by 
people whose primary competence and interest is in 
some other field; have been steadily improving over the 
past few years. This is due primarily to the fact that 
younger men in these various subject matter fields have 
been receiving better training in statistics. Statistics 
will never be taught satisfactorily in our colleges by 
instructors who themselves have not been taught the 
fundamental statistical concepts in a precise manner, 
and have not acquired an appreciation of their full gen- 
erality. 


Value of Statistics is Recognized 


Many biological and social scientists have been cogni- 
zant of the need for statistics for many years, and have 
included basic and advanced courses in the field of sta- 
tistics in their educational program. The physical scien- 
tists, representing such disciplines as physics, chemistry, 
and engineering, have been so dependent on traditional 
courses and concepts that they have been relatively 
hidebound and hand-tied in accepting statistics as an 
important ingredient in either basic or advanced train- 
ing in these fields. Professor S. S. Wilks, in a talk given 
at the meeting of the Mathematical Association of 
America, August 28, 1957, made the following comment: 


“One of the outstanding examples of an unfilled need for 
some training in probability and statistics is in engineering 
education. The statistical quality control movement which 
started during the War and which has pretty well permeated 
American industry caught the engineering profession com- 
pletely untrained in even the rudiments of probability and 
statistics.” 


If it had not been for the American Society for Quality 
Control, and a handful of statisticians who organized 
and conducted the popular short courses for the practic- 
ing engineer, statistics in industry would still be in its 
infancy, providing it had been born at all. Although 
these short courses have been, and continue to be, ex- 
tremely valuable in filling a void in engineering educa- 
tion, a more potent remedy than “short courses” will 
have to be applied if statistics in industry ever gets out 
of knee pants. In a private conversation with Dr. George 
Snedecor about 10 years ago he made the remark that 
the short courses in industrial statistics would set sta- 
tistics in industry back twenty-five years. I didn’t agree 
with him, at that time, for I was thinking of the short 
run. But now I am beginning to wonder if he saw that 
the short courses would lull the engineering and physical 
science educators into thinking that statistics for indus- 
try could be taught on the job, in a relatively short time, 
and by almost anyone with a smattering of statistical 
training. 





Industry is to be complimented for its effort to supply 
training to its employees in the field of statistics. But 
is this the role in the teaching of statistics and in the 
training of statisticians that industry desires to play in 
the long run? If the programs in statistics in our educa- 
tional institutions are not enlarged and improved, in- 
dustry will have no alternative but to continue to teach 
its old employees and every new employee from now on 

Has industrial statistics been reduced to a few simple 
routine techniques, such as control charts, and sampling 
plans? If this were the case, I would be among the first 
to suggest that courses in statistics should be deleted 
from any curriculum which is designed to train people 
for industrial employment. Of course, we know that this 
is not the case. At the present time a very critical look 
is being taken at the engineering curriculum and there 
seems tc be a trend towards a program aimed at pro- 
ducing engineering scientists rather than just engineers 
However, there is no program that will permit an edu- 
cational institution to turn out graduates who will not 
need considerable orientation and additional training 
for specific jobs in industry. In fact, many of the things 
now being taught in college and the university physical 
science programs could be deleted from the curriculum 
and delegated to the “in-plant” training program of in- 
dustry. The job of the university is to provide leader- 
ship, training, and inspiration for the development of 
scientists in all fields, and this includes engineering 
science. It is the responsibility of industry, by the use 
of their in-plant training programs, to develop technic- 
ians. Industry can do a better and more economical job 
of keeping their technicians abreast of the rapidly 
changing technology than can our edu tional institu- 
tions. 

Although the supply of statisticians is limited, there is 
some evidence of the misuse of people trained in statis- 
tics. An individual trained in statistics may perform a 
very creditable piece of work in many other job assign- 
ments. A practicing statistician is in position to become 
acquainted with the objectives and policies of an or- 
ganization wherein he is employed, and thereby becomes 
a good bet for supervisory, research, or advisory posi- 
tions. The moment he does accept such a job he usually 
finds little direct use for his statistical training. How- 
ever, he does encourage the use of statistics in the or- 
ganization and thereby tends to further widen the 
breach between supply and demand 


Let's Not Stop at Control Charts 


Up to this point I have indicated that the shortage of 
statisticians is due to increasing demand for statistically 
trained personnel and the inadequate statistical training 
programs in our colleges and universities. I have also 
stated that I cannot foresee any major change in this 
dilemma (1) until our educational leaders and admin- 
istrators are willing to give statistics the status of a 
separate discipline, (2) until statistics courses, including 
the introductory courses in each and every department, 
are taught by instructors who themselves have been 
taught the fundamental concepts in a precise manner, 
and (3) until industrial leaders recognize the limitations 
of the popular short courses and begin to make their 
wants and needs in the field of statistics known to the 
educators and administrators in educational institutions 
from which they draw their employees. 

Let us now turn to the organization and role of a 
statistical center in an educational institution. Of course, 
there is no one program which is so unique that it will 
operate as an optimum program at all institutions. There 
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are many alternative organizations that any given insti- 
tution may adopt with equal success. A complete statis- 
tical center can best be developed in those institutions 
which are designed for a graduate program. A complete 
statistical center should provide the following: (1) a 
research and teaching program leading to a career in 
statistics, (2) a service teaching program, (3) a con- 
sulting service program, and (4) a computing service 
program. I shall comment briefly on each of these. 

The research and teaching program should be de- 
signed to develop professional statisticians. It should 
involve the teaching of the theory and methods of sta- 
tistics in parallel courses all the way from the introduc- 
tory courses to special topics on the frontier. It would 
involve basic research in theory and methods in statis- 
tics. A strong mathematics department would provide 
the necessary mathematics courses to develop a well- 
rounded statistician. 

A candidate for the Bachelor of Science (B.S.) degree 
should be encouraged to obtain as broad an education 
as possible including courses in the biological, physical, 
and social sciences. Basic training in college mathe- 
matics should include courses in advanced calculus, 
matrix algebra, and numerical analysis. A minimum 
of three year-courses in the theory of statistics and sta- 
tistical methods would provide a strong undergraduate 
program. A candidate for the Master of Science degree 
should have in addition to the above courses a one-year 
course in statistical methods and a one-year course in 
theory of statistics which should be supported by work 
in advanced calculus, modern algebra, theory of prob- 
ability, and numerical analysis. A candidate for the 
Doctor of Philosophy degree should have in addition 
to the above a year-course in modern statistical meth- 
ods, two year-courses in theory of statistics, and sup- 
porting work in mathematics such as complex variables, 
modern algebra, and numerical analysis. Seminars, spe- 
cial problems, and the preparation of a thesis form an 
integral part of an advanced degree program. 

The service teaching program should be designed to 
provide the basic courses in both theory and methods for 
students majoring in some subject matter area other 
than statistics. The curriculum of every college and 
university should include an introductory course in sta- 
tistics. Such a course should form an integral part of a 
general education, and it should be taught in such a way 
that it would interest a few promising young students 
in statistics as a profession. Specialized courses for stu- 
dents majoring in areas other than statistics should be 
provided. Such courses will be best taught by those 
who have a primary interest and competence in the field 
of statistics and a secondary interest in some other ap- 
propriate subject matter area. For students in areas 
other than statistics, it may be necessary to present the 
subject matter area of statistics from an intuitive and 
non-mathematical approach and this can best be done 
by: (1) one who understands the underlying assump- 
tions and limitations, (2) one who steers clear of the 
many pitfalls, and (3) one who can inspire and direct 
the student to go beyond the classroom in his search 
for statistical tools appropriate to his field of interest. 
This type of service teching should not be made a cor- 
rolary to the career program. However, it is a much 
stronger program when the institution has a graduate 
program in statistics. 

The development of a consulting service is almost 
impossible without a parallel development of both a 
career and a service teaching program in statistics. The 
consulting service program should provide an opportu- 
nity for the research workers on a campus-wide basis 
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to discuss their investigations involving the use of sta- 
tistical theory and methods. This program should also 
provide a training ground for consulting statisticians. It 
is from this area that an institution is able to serve be- 
yond the confines of the campus by consulting with in- 
dustries or government agencies in the region when the 
service is required, requested, and justified. This off- 
campus service not only renders a valuable service to 
our state and nation, but, in return, the program in sta- 
tistics is enriched by academic contact with a wide range 
of very interesting problems. 

The computing service should provide for the analysis 
of data resulting from the consulting service program 
referred to above. A computing program provides both 
service and training. It provides a service by relieving 
the professional staff of routine tasks while giving train- 
ing to student statisticians. Although computing is an 
essential part of statistics, it is not necessary, or desir- 
able, to use highly trained statisticians to perform such 
service. Routine computing can be handled by clerical 
personnel with a minimum of supervisory help. High- 
speed computing service to the research staff of the in- 
stitution should be provided in some feasible manner, 
but it is a misuse of limited statistical manpower to use 
trained statisticians to man such equipment. 


Summer Institutes Established 


In 1952 and 1953 the Southern Regional Education 
Board held a series of conferences, attended by repre- 
sentatives of a large number of colleges and universities 
in the fourteen Southern states, to study the problem of 
statistics in the South. Based on an intensive survey 
of the teaching of statistics in the Southern colleges and 
universities, and the findings of several study groups of 
this conference, several suggestions and recommenda- 
tions resulted in establishing a graduate summer session 
in statistics for the Southern region. Based on these 
recommendations and inspired by an intense interest in 
the development of statistics, four institutions, North 
Carolina State College, Virginia Polytechnic Institute, 
University of Florida, and Oklahoma State University, 
entered into an agreement to operate a continuing pro- 
gram of graduate summer sessions in statistics to be 
held at each institution in rotation. The purposes of this 
program are to serve (1) research and professional 
workers who want intensive instruction in basic statis- 
tical concepts and modern statistical methodology, (2) 
teachers of elementary statistics courses who want 
formal training in modern statistics and probability, (3) 
graduate students in fields other than statistics who de- 
sire supporting work in statistics, (4) prospective candi- 
dates for graduate degrees in statistics, and (5) profes- 
sional statisticians who wish to keep informed about 
advanced specialized theory and methods. 

It was agreed that each of the sessions would run {o1 
six weeks and that a maximum of six semester credit 
hours could be earned at each session. The curriculum 
is composed of nine hours of theory of statistics, nine 
hours of statistical methods, six hours of mathematics, 
including advanced calculus and matrix algebra, and a 
wide assortment of special courses both theoretical and 
applied. The program may be entered at any session and 
by attending successive sessions it is possible to complete 
course work in statistics for a master’s degree in statis- 
tics. The summer work may be applied as residence 
credit at any one of the co-operating institutions, as 
well as certain other universities, in partial fulfillment 
of the requirements for a graduate degree. Students 
must satisfy the remaining requirements for course work 
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and thesis at the institution where they are admitted to 
candidacy. The advanced courses may be accepted as 
part of the Ph.D. program of the participating institu- 
tions. 

The attendance at the previous summer sessions has 
averaged about ninety, including representatives from 
every one of the forty-eight states. Many foreign stu- 
dents, studying for degrees in our country, have availed 
themselves of these special summer sessions. It is inter- 
esting to note that an increasing number of industries 
are participating in these sessions. An incomplete sur- 
vey shows that representatives from chemical, phar- 
maceutical, steel, petroleum, aircraft, and electrical in- 
dustries have attended. Although the majority of the 
enrollment has consisted of students pursuing a course 
of study in statistics, representatives from medical re- 
search institutes, Army and Navy research installations, 
and such other government agencies as the Bureau of 
Mines and U. S. Department of Agriculture have at- 
tended. We have been disappointed in the response of 
teachers of statistics to this special summer session. It 
is hoped that someday the National Science Foundation, 
or some other foundation, will support an institute fo 
the training of teachers of statistics similar to the pro- 


grams for mathematics and science teachers 


Training Possibilities Suggested 


I have talked to many of my friends in industry con- 
cerning the most economical and efficient way for in- 
dustry and educational institutions to co-operate in this 
business of training statisticians for industrial employ- 
ment. The two ways mentioned most frequently in 
which this might be accomplished in the short run are 
(1) the short course technique, and (2) the in-plant 
training program. The short course technique is fre- 
quently sponsored by the American Society for Quality 
Control, and conducted by some extension division of 
one of our universities. It has been extremely useful in 
the area of control charts and inspection sampling, and 
has been instrumental in introducing some statistics into 
the engineering education curriculum. The in-plant 
training program in statistics in some companies has 
been quite successful. The summer employment of grad- 
uate students and teachers has been mutually beneficial 
However, due to the shortage of personnel within the 
companies who are qualified to direct such training 
courses, it has been far from adequate. I have heard 
this in-plant training program referred to as “Operation 
3ootstrap.” Both of these programs should be continued 
but it is hoped that both courses could be organized and 
conducted at a much higher level and with a much 
stronger prerequisite. 

However, to solve the twin problems of too few sta- 
tisticians and too little statistics in industry, it will be 
necessary in the long run to have more than short 
courses and in-plant training programs in statistics. I 
would like to suggest two possibilities: (1) a program 
which will take personnel now in the employ of indus- 
try and send them to some qualified statistical center fo: 
at least a year of concentrated study in statistics (an 
alternative to this year-program is to take advantage of 
the Southern Regional Graduate Summer Sessions in 
Statistics), and (2) a program which will establish the 
need for statistics in the minds of educators concerned 
with engineering education and with the physical sci- 
ence curriculum. This may be done either directly o1 
indirectly. Educational and industrial leaders have many 
joint conferences on educational problems. Instruction 
n statistics should be a topic at such conferences. A 
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uates in the physical sciences with the stipulation that 
courses in statistics be added to their plan of study. 
However, regardless of the method, the identification of 
the need for statistics must be established in the minds 
of the curriculum makers in the area of the physical 
sciences. Statisticians cannot do this job by themselves! 


pasic objective of every educational institution is, “serve 
the needs of the state and nation.” Every educator I 
know will welcome assistance in identifying these needs. 
This would be the direct approach. Industry could also 
show its need for statistical training in our educational 
institutions by establishing scholarships for undergrad- 
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| ee reliable calibration of 
f electrical testing equipment is a 
prerequisite to quality production in 
modern industry. However, the ac- 
tual work of calibration is of sec- 
ondary importance in the smooth 
functioning of a Calibration Depart- 
ment. While skilled technicians and 
well-equipped laboratories may 
adequately fulfill technical require- 
ments, comprehensive calibration 
programs present problems in logis- 
tics and record keeping which are 
of prime concern. 


The most pressing problem in such 
programs is the requirement for 
obtaining a  smoothly-operating 
scheduling system which can pro- 
vide for the handling of thousands 
of pieces of test equipment on a 
periodic basis. Whatever scheduling 
system is employed, it must provide 
essential information such as _ the 
equipment manufacturer, the model 
of equipment, the identification 
numbers, the plant location, etc 


Within the Calibration Depart- 
ment, the daily allocation of indi- 
vidual work assignments is an addi- 
tional scheduling requirement. An 
even flow of equipment through the 
department and back to its original 
location must be assured. This 
means that information, such as the 
individual performing the calibra- 
tion, time spent, maintenance rec- 
ori, etc., is essential for operation 
analysis. By standard methods, how- 
ever, this collation of data requires 
excessive clerical personnel. It also 
infringes considerably upon the 
productive time of technicians who 
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must provide the necessary data for 
record purposes. 


EDPM Methods Applied 

Any effective scheduling system 
for a calibration program must fulfill 
the aforementioned essential re- 
quirements with a minimum of ac- 
tual record-keeping by department 
personnel. Such a goal has in great 
part been achieved by the applica- 
tion of Electronic Data Processing 
Machine (EDPM) methods to the 
scheduling operations of the Cali- 
bration Department at IBM Kings- 
ton.* This department is currently 
handling approximately 6500 pieces 
of varied test equipment on a peri- 
odic basis with an average calibra- 
tion period of 30 days. The system 
also has provisions for handling 
semi-monthly, bi-monthly, tri- 
monthly, semi-annual, and annual 
scheduling. This versatility provides 
a schedule program applicable to 
any type of test equipment. 

A secondary benefit derived from 
this scheduling system is a complete, 
accurate accountability listing of all 
equipment. This listing makes pos- 
sible a complete inventory in a rela- 
tively short time. The system also 
permits a complete schedule of the 
department’s work load for a month 
in advance, exclusive of unsched- 
uled work. All unscheduled work 
must be reported on a blank IBM 
card (one for each piece of equip- 
ment) and can form the basis for 
determining what percentage of the 
departmental work load is in the 

*The Methods Department at IBM-Kings- 


ton has been of assistance in the design of 
the card forms used 


nature of unplanned work. Thus, 
the personnel requirements of the 
department can be accurately es- 
tablished. 

With the new scheduling system, 
a minimum of clerical work is re- 
quired from technicians. The sys- 
tem also provides essentially auto- 
matic individual work assignment 
within the department. Accurate 
maintenance records which take into 
account time and parts consumed as 
well as malfunction diagnosis and 
remedies applied can now be kept. 
Departmental operations may also 
be analyzed from the data in all of 
the compiled reports. 

A minimum of clerical help is 
required for maintenance of the 
scheduling system, which also pro- 
vides a monthly running inventory. 
At the present time, one clerk han- 
dles a volume of approximately 6500 
pieces of test equipment per month. 
In addition, he has charge of the 
other clerical duties such as order- 
ing, distributing, and maintaining 
stationery supplies for several de- 
partments as well as initiating req- 
uisitions and filing. 


Schedule Period 

In order to understand the sched- 
uling system as it is currently 
functioning at IBM, some familiarity 
with the schedule period is manda- 
tory. The calibration period is basi- 
cally 30 days, with provisions for 
scheduling at one-half this fre- 
quency or in multiples of 30 days 
such as bi-monthly or tri-monthly, 
etc. The entire work load of the 
department is distributed as equally 
as possible over this 30-day period. 
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Requirements of individual depart- 
ments using test equipment must, 
of course, be borne in mind when 
scheduling the work load. 

All equipment is assigned a per- 
manent calibration due-date from 1 
through 30. No equipment is sched- 
uled on the 31st day of any month. 
This method also schedules equip- 
ment on Saturday and Sundays 
which are normally non-working 
days. Obviously, equipment falling 
due on these days must be distrib- 
uted over the work loads for Friday 
and Monday. Equipment schedules 
for February would be on a 30 day 
the same as for any other 
month, however, the equipment due 
on the 29th and 30th of the month 
would be handled on the 28th of 
February or the Ist of March, in 
addition to the routine scheduled 
for these days. During a leap year, 
only extra work would 
have to be accommodated, this on 
the 29th of February or the Ist of 
March, in addition to the scheduled 
routine. Initially, scheduling equip- 
ment in this might 
severe disadvantage, but in practice 
it has caused a negligible amount of 
trouble when the advantages gained 
are considered. Any method of 
scheduling other than fixed due 
dates does not appear to be feasible 
in this application of EDPM tech- 


niques 


basis, 


one day's 


way seem a 


Calibration Master Cards 


A Calibration Master Card, shown 
in Fig. 1, is originated for each piece 
of equipment, and bears the follow- 
ing information: 

1. Four-letter abbreviation of 

Vendor’s name. 
Vendor number, consisting of 
a six-digit code coinciding 
with the vendor code used by 
the Purchasing Department. 

. An_ identification number 
(ten-digit code) provided by 
the Air Force to identify Gov- 
ernment Property. 

A two-digit model code, com- 
piled for all models of each 
vendor’s equipment. 

5. A three-digit Using Depart- 
ment code number. 

3. A location code (one-digit) 
specifying which section of the 
Calibration Department is re- 
sponsible for performing the 
work. 

. An “X-Two Inspection Unit 
Number”—marked with an X 
if unit is to be calibrated bi- 
monthly. 

. Two-digit number 
day of month due. 


indicating 
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Figure 1—Calibration Unit 


. Two-digit number _ which 
day of month 


inspection (if 


shows due for 


second re- 
quired). 
One-digit schedule 
fers to code for column 40 on 
the face of the punched Master 
Card. 
The above 


code—re- 


information is first en- 
tered on a blank Master Card as 
source information. It is then key 
punched into the card and can be 
machine processed by an EDPM 
which senses the key punches 

When coding column 40 (item 10 
above) the “Schedule for Col. 40” 
in the upper left portion of the Cali- 
Unit Master Card (Fig. 1) 
is used. The information is used 
primarily by the Machine Account- 
ing Department, which performs the 
required machine processing, to 
select the cards required to prepare 
a monthly schedule. The Calibration 
Unit Master Cards are submitted to 
Machine Accounting on a mutually 
agreeable date to be processed for 
the succeeding month’s work sched- 
ule. Thus, the “Schedule for Col 
10” indicates which Master Cards 
processing. For 
example: a card containing 
the digit 4 in column 40 would be 
submitted to Machine Accounting to 
be processed for April’s work sched- 
ule. The Schedule Code indicates 


bration 


are required for 


master 


Master Card, IBM 896496 


that all master cards coded 1, 3, 4, o 
8 will be required to prepare the 
desired schedule. A machine sorting 
procedure on Col. 40 would select all 
the cards punched with a 1, 3, 4, or 8 
digit. The ecards selected 
would then be used to prepare the 
April schedule. Thus, the 
example card assures that a sched- 
ule card for the applicable instru- 
ment will appear in the April 
schedule. 

The assignment of a schedule code 
and due dates is the responsibility 
of the instrument crib clerk, who 
determines these dates from existing 
schedules. 

As additional equipment is 
ceived, Calibration Master Cards are 
originated and accumulated until 
approximately the 20th of the month, 
when they are sent to the Machine 
Accounting Department for key- 
punching, interpreting, and collating 
into the existing deck of punched 
cards. Calibration Work Cards for 
the following month are processed 
from this deck of punched cards 


master 


actual 


re- 


Calibration Work Cards 
Calibration Work Cards, a sam- 
ple of which is shown in Fig. 2, are 
obtained by transferring informa- 
tion from the Master Card into cor- 
responding columns in the Work 
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Figure 2—Calibration Work Report, 1BM 415279 
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Figure 3—Scheduled Equipment 
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Card. This is a rapid, machine TABLE I—Sample Monthly Schedule Sheet Entries 
process which results in an accu- 
rate, complete Work Card file for Vendor Vendor No. | Model No 


Schedule ID No 


Date 


Using 
Dept 


Location 
Code 


the month concerned. After Work 
Cards are obtained, both the Mas- 
ter Card file and the resulting Work 
Card file are returned to the Cali- 
bration Department, in separate 
files, sequenced numerically by I. D. 
numbers. The Master Card file thus 
forms a permanent accountability 
file for all equipment, while the 
Work Card file represents the com- 
plete scheduled work load of the 
department for the forthcoming 
month. Figure 3 is a flow diagram 
of scheduled equipment. 

The information interpreted on 
the Work Card consists of the fol- 
lowing: 


—_ 


. Vendor 

. Vendor Number 

. Identification Number 
Model Number 
Model Code 

Using Department 
Location Code 
Inspection Schedule 


“I Ot & & 


oo 


These Work Cards are then col- 
lated by Location Code and day of 
the month. A _ schedule sheet (a 
portion of which is shown in Table 
I) is then prepared in multiple for 
distribution to all departments so 


2116805350 
2116808799 
2116812545 


10286 


7 10286 
7 
7 10286 


that they can anticipate removal of 
equipment for calibration. The col- 
lated Work Cards are returned to 
the Calibration Department in time 
to start distribution on the first day 
of the following month. 

Starting on the first day of the 
month and each day thereafter, the 
applicable Work Cards for each 
location in the Calibration Depart- 
ment are posted in the “Scheduled” 
section of a card rack and indicate 
the work assignments for the per- 
sonnel in that location. In order to 
effectively distribute the Work Cards 
to the section of the Calibration 
Department responsible for the per- 
formance of the work required, each 
section is equipped with a three 
compartment card rack. The rack is 
identified with the department sec- 
tion number and each compartment 
is identified as “Scheduled,” Work- 
ing,” and “Done” respectively. The 
cards are advanced from the Sched- 


uled compartment through the 


548 
548 
515 


910670 
535230 
962541 


TRIP 
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Working compartment to the Done 
compartment by the technicians as 
they perform the work required. 
Work Cards for the equipment be- 
ing calibrated are placed in the 
“Working” section of the card rack. 
Each technician completes the ap- 
plicable Work Card for the piece of 
equipment calibrated by entering 
the following information on the 
card: 


. Date Started 

2. Date Completed 

. Time 

. Day Down 
Description of Malfunction 
Systems 
Description of Repairs 

. Itemized quantities of parts 
used and part numbers from 
applicable schematic diagrams. 

. Employee Serial Number 

9. Proper classification of unit 
under Service Code, 01 through 
99, which has been established 


Quality Control Begins with 


Research and Development 


Through the statistical approach to quality 
control and progressive development, Johns- 
Manville has zealously maintained its repu- 
tation for quality. 


J-M Asbestos Mill World's Largest 


As evidence of this research and development 
Johns-Manville announced late in 1954 the 
dedication of what would be the world’s larg- 
est asbestos mill. In fact, this mill when only 
half completed was the largest in the world. 
It is now completed and in full operation. 

Illustrated here is the mill building located at 
the J-M Jeffrey Mine at Asbestos, Canada. 
Through rigid quality control and the most 
modern equipment for the milling of high 
quality asbestos fibres, Johns-Manville is 


meeting the 


increasing demands for the 


higher grades constantly required for new 
product developments for both home and 
industry. 


Providing a@ production capacity of 625,000 tons annuaiiy, this 


recently completed asbestos mill provides twenty-two and one half 


JOHNS MANVILLE 


acres of floor area, is 12 stories high. Additional capacity will be 
added in the near future 


PROOUCTS 


Johns-Manville 


22 EAST 40TH STREET 


NEW YORK 16, N.Y 





to permit a uniform classifica- 
tion of the equipment status. 
Indicate X in abnormal dam- 
age space if such damage was 
encountered and describe on 
reverse side of card. 


These cards are picked up daily 
from the “Done” section of the card 
rack and are sent to Machine Ac- 
counting for keypunching, inter- 
preting, and collating by identifica- 
tion number. The cards thus form 
a permanent record of all calibra- 
tion work done and are available in 
this form for compilation of reports 
for analytical purposes 


Incoming Test Equipment 


New test equipment is processed 
through receiving inspection func- 
tion of the Calibration Department 
to determine whether it is accept- 
able. All equipment that meets in- 
spection standards is then sent to 
the instrument crib where it is 
brass-tagged and entered on the 
instrument crib log sheet. Cali- 


bration Master Cards are then 
originated for each piece of test 
equipment. The diagram in Fig. 4 
illustrates the flow of new and un- 
scheduled equipment through the 
Calibration Department. 


Conclusion 


Any form of scheduling involving 
large quantities of mobile test 
equipment is dependent upon close 
coordination between the calibration 
department and the department us- 
ing the test equipment. Problems 
arise primarily because of human 
failures to achieve the necessary 
cooperation between departments. 
Obviously, equipment cannot be 
permitted to be moved about indis- 
criminately. Test equipment must 
always be moved through the ac- 
countability channels set up. If the 
scheduling system is not adhered 
to implicitly the results will be less 
than satisfactory in proportion to 
the amount of laxness allowed 

In the area of management re- 
ports which can be obtained quite 
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systematically and painlessly via 
EDPM, the information required is 
largely a function of management 
interests. Because of the range of 
information which can be made 
available in punched card form for 
machine processing there is actually 
little limitation to the type of report 
which can be made. The informa- 
tion is presented in printed form in 
accordance with the requirements of 
the information requested, provid- 
ing optimum efficiency of analysis. 


In the system described, for ex- 
ample, the maintenance costs in- 
volved in maintaining and calibrat- 
ing the equipment of a_ specific 
vendor might be compared with the 
costs of performing similar functions 
on equivalent equipment of a second 
vendor. The versatility contained in 
the application of EDPM techniques 
thus provides management with an 
efficient tool which permits adapta- 
tion to specific requirements in a 
manner which cannot be provided in 
any other way. 
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CHARLES A. BICKING 


The Carborundum Company, Niagara Falls, N. Y. 


Introduction 


The higher one looks in adminis- 
trative levels of business, the more 
likely one is to find that decisions are 
based on tabular or graphic presen- 
tations of data. It is apparent that at 
the administrative level, at least, one 
of the principal methods of contact 
with the rest of the organization is 
through statistics. This is so well 
recognized that in some large organ- 
izations, “Chart Meetings” are a part 
of the regular routine at administra- 
tive levels. 


What this means from the view- 
point of quality control is that when 
top administrators realize what it is 
all about, not only does quality con- 
trol begin to roll on the production 
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line but also it begins to find uses 
throughout the business structure 


Extent of Administrative Application 


The use of quality control methods 
to help solve administrative prob- 
lems, therefore, has come about nat- 
urally. Actually, although adminis- 
trative applications have not been as 
numerous nor as spectacular as those 
to production quality, there has been 
a steady, parallel growth, even from 
the earliest days of statistical qual- 
ity control. Over 70 literature refer- 
ences were listed during research for 
a paper'') on management uses of 
statistics and the literature has con- 
tinued to grow steadily since then. 


Clerical operations have offered 
some of the best opportunities for 


application. This is logical, because 
the products of clerical operations, 
although paper reports, are quite 
similar to manufactured products in 
that they lend themselves to sam- 
pling and charting techniques. It is 
remarkable to note the almost im- 
mediate improvement in quality of 
clerical operations after the installa- 
tion of control charts to determine 
levels of performance. There can be 
little doubt that the application of 
quality control principles has 
brought about these improvements. 
This is true because when well de- 
signed, the control charts strip out 
differences between individuals or 
operations. Acceptable performance 
criteria are stated in advance of 
starting work. Reports are rendered, 
usually in the form of “p” charts, so 
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that quality levels are known to all 
and intelligent decisions follow nat- 
urally. This is an improvement over 
the kind of situation which used to 
prevail in which the requirements of 
the job were not clearly explained 
to the workers and no systematic 
check was made to help the worker 
keep his work in line. Accounting 
records, inventory counts, or audit- 
ing records also lend themselves 
readily to quality control 
dures. As a matter of fact, it is dif- 
ficult to think of any activity of 
management that cannot be im- 
proved by some application of qual- 
ity control techniques. 


proce- 


Applications to Inventory Control 


One type of administrative appli- 
eation that has not received much 
publicity is the study of inventory 
control problems. It is granted that 
the total problem of inventory con- 
trol involves considerations which 
are outside of what is understood 
generally to be the field of quality 
control. As a matter of fact, inven- 
tory control problems have occupied 
a significant part of the attention of 
workers in the related field of oper- 
ations research. However, there are 
parts of the central problem of in- 
ventory control, as well as many re- 
lated problems in data analysis, to 
which quality control techniques 
may be applied profitably. in par- 
ticular, quality control can be ex- 
tremely useful in measuring and im- 
proving the homogeneity of the data 
being used in an inventory control 
study. As an example, a study of the 
quality of warehousing records may 
be cited 


Warehouse Stock Control 

A physical inventory in a certain 
warehouse revealed that the amount 
of stock on the shelves and the stock 
card record of what should be there 
were in disagreement for about 80 
percent of the items carried. Pre- 
liminary investigation of this situa- 
tion indicated that arithmetic errors 
in recording transactions on the 
stock cards was one of the majo 
difficulties. Errors were also occur- 
ring in placing re-stocking orders on 
the plant and in billing of sales to 
customers. 

Accordingly a technique was de- 
vised for sampling of paper work at 
points where most errors were oc- 
curring and for control chart analy- 
sis of the results. The four principal 
checks that were established are de- 
seribed as follows: 


1. Errors on stock cards. Daily, dur- 
ing the first 14 working days of a 
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trial month, all cards involving re- 
orders, plus a random selection suf- 
ficient to bring the sample up to 25, 
were examined for errors (arithme- 
tic, transposition of figures, over- 
order, or under-order). The error 
rate was 10 percent. The average 
number of errors per day was 2.36. 
When arithmetic and transposition 
errors were grouped, the average 
number of errors per day was 1.43 
The upper control limit for this type 
of error is 3. That is, based on ex- 
perience, a normal day could be ex- 
pected to show 3 errors. There were 
days that exceeded 3 errors and 
these were “out of control,” that is 
they were exceptionally worse than 
usual. When errors involving ove 
and under 
the average number of errors was 
0.93. The upper control limit is 2 
Analysis of the sources of these 
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orders were grouped 


errors on out-of-control days armed 
the manager with the necessary in- 
formation on what needed to be done 
to reduce the rate of error to a more 
satisfactory level. In part, this 
seemed to be a matter of use of psy- 
chology and encouragement. In part 
it involved further training of the 
individual workers to use care in use 
of price lists and other information 
sources. In part, it was subject to 
correction by improvement in proce- 
dures, such as the suggestion that 
the total number of items in each 
order appear on each piece of paper 
connected with the order 

Progress was measurable in terms 
of further reduction in the over-all 
error rate or in terms of decreasing 
the contro! limits 

The initial reason for 
the check on stock cards was to un- 


instituting 
cover arithmetical errors. It was 
found by careful checking of stock 
ecards selected at random from the 
files and also of stock cards up for 
re-order, that it was possible to con- 
trol the inventory re-order system 
very effectively. This was shown up 
auite dramatically by the drop in 
total inventory dollars at cost by 27 
percent over a four month period 
This lower 


achieved with no stock run-outs 


inventorv figure was 


2. Check of Cards Against Physical 
Stock. During the sampling period 
of 14 days, five cards picked at ran- 
dom and checked against actual 
stock showed no discrepancies. This 
period immediately followed a com 
plete inventory, however. This check 
was dropped for the time being but 
the manager will run a series of 
similar checks quarterly 

Since the stock has been com- 
pletely inventoried and handling 
procedures have been reviewed and 


improved no difficulties in keeping 
the records straight are anticipated 
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3. Check of Billing Errors. Sampling 
of bills uncovered only very infre- 
quent typing errors and these could 
be explained by the fact that the 
office was breaking in a new typist 
The typing errors should decrease in 
number as the typist becomes more 
experienced. 

An analysis of credits showed that 
the majority of them were due to in- 
correct quantity discounts being ap- 
plied. Any checks made on the bill- 
ing would not uncover an incorrect 
quantity discount. The solution was 
to have the total ordering quantity 
appear on all parts of an order. When 
a spot check is run on the billing it 
will then be possible to ascertain 
whether or not quantity discounts 
are being applied correctly 
4. Errors in Orders Placed on Plant 
By a systematic supervisory reviev 
of all orders the manager was able 
to reduce the error rate on restock- 
ing orders to the plant from 15 per- 
cent to 2.5 percent. Naturally, it is 
desirable to be able to relax this 
type of review and it may be possi- 
ble when the original error rate has 
been reduced by use of good psy- 
chology, training, and procedure im- 
provements 

The time required to do the check- 
ing involved in the program de- 
scribed amounted to approximately 
two hours per day. This seemed ex- 
cessive and a more reasonable time 
has been arrived at by checking only 
stock cards up for reorder (an av- 
se of 15 cards are looked at and 


ag 


er 
the checking time involved is about 
one-half hour). The card 
stock check as well as the check on 
billings have been eliminated tem- 
porarily. These will be reinstated 
periodically. Orders on the plant are 
still being checked thoroughly 

The method of checking a repre- 


versus 


sentative sample and analyzing the 
results to establish control limits 
which can be applied to any one 
day’s production has justified the 
time required to do so in the case 
of stock card and re-order points. In 
the words of the manager, the re- 
sults obtained certainly indicate that 
the warehouse cannot relax these 
checks and still maintain the control 


required. 


Maximum Size of Inventory 

Some time ago, the author was in 
volved in a determination of maxi 
mum inventory size for a distribu- 
tion operation of considerable size 
This operation involved twelve dif- 
ferent products distributed from 
four warehousing points in the East 


37 





and Middie West. A great deal of 
the study involved, of course, the 
enumerative approach ordinarily 
thought of as the domain of the 
business statistician. However, very 
critical parts of the analysis of the 
data were accomplished, in this in- 
stance, by the use of Shewhart con- 
trol chart principles. Still other as- 
pects of the study were amenable 
only to an operations research ap- 
proach. It is intended in this discus- 
sion to cover only the part which 
quality control chart concepts con- 
tributed to solution of the total prob- 
lem 


The products were bulk materials 
shipped in drums and accounting 
was made on the basis of the pounds 
shipped. Data were available for at 
least twelve months, in some in- 
stances for as many as 18 months, on 
the number of pounds of each of the 
twelve products shipped from each 
of the four warehouses 


The first column of figures in Ta- 
ble I shows the total actual monthly 
shipments of a typical product from 
one warehouse. Obviously, these fig- 
ures vary so much that no sound 
statistical forecast could be made on 
the basis of these data alone. Actu- 
ally, in the past, inventory levels 
had been established on the basis of 
accumulated forecasts by sales terri- 
tories. This was generally unsatis- 
factory, however, partly because of 
the perennial optimism of salesmen, 
partly because no really systematic 
use of data was being made to de- 
termine maximum inventories, and 
partly because warehouse districting 
was in need of revision. It had been 
common practice to tranship be- 
tween warehouses or to ship across 
warehouse district lines to fill rush 


orders. As a result of these unde- 


sirable conditions, the over-all turn- 
over during the most recent period 
had been only 3.3 times per year. 

As a first step in the analysis, it 
was decided to reallocate all ship- 
ments for the period for which data 
had been accumulated on the basis 
of the logical shipments from each 
warehouse. A logical shipment was 
one which minimized the shipment 
cost and eliminated the need for 
transhipments from warehouse to 
warehouse. 

In making this reallocation it was 
decided that a considerable portion 
of the total shipments, including all 
car lot shipments, could be made di- 
rectly from the plant which was lo- 
cated near one of the larger centers 
of use, without intervening ware- 
house storage. The resulting logical 
shipments for the typical product 
used as an illunstration are given in 
the second column of Table I 

The variation in logical shipments 
was much less than in the actual 
shipments and some statistical anal- 
vsis seemed possible. Accordingly, 
for each set of data, control chart 
limits were computed based on the 
moving range of consecutive month- 
ly figures. Typical range computa- 
tions are given in the final column 
of Table I. Control chart limits for 
individuals and ranges were then 
computed, as follows: 


Individual limits: X E.Ry 
17,007 + 2.66 = 6839 
17,007 += 18,192 
35.199 and 0 


Range limits: D,Ry and D,Ry 
3.267 6839 and 0 
22.343 and 0 


These are very wide limits due to 
the variability still present in the 


TABLE !—Total Shipments in Pounds, Warehouse 1—Product H 


Actual 
Shipments 


July 16,650 


Month | 


August 11,250 


September 44,100 


October 13,050 


November 30.600 
Decem)her 24,300 
January 40.500 


February 12,150 
March 


April 29,250 


36,450 


May 19,350 
June 29,700 
July 31,950 

Totals 339,300 


Averages 26,100 


Moving 
Range 


Logical 
Shipments 


11,700 
11,700 


19,800 


18,000 
8,675 
16,200 
13,950 
13,050 
221,091 
17,007 


estimates of logical shipments, but 
they do indicate that it is not too 
unrealistic to use the moving range 
data to determine maximum inven- 
tories, at least on a preliminary 
basis. It was decided that in each 
case an inventory should be main- 
tained capable of meeting 90 per- 
cent of the demands on the ware- 
house. The standard deviation of the 
logical shipment data from Table I 
is given by s = R,,/d. 6839/1.128 
= 6063 with 12 degrees of freedom. 
An upper bound which will guaran- 
tee meeting 90 percent of the de- 
mands is given by 


X + ts 17,007 + 1.78 = 6063 
= 17,007 + 10,792 
= 27,799. 


This was rounded downward to 
27,000 pounds which is considered 
to be the maximum inventory figure. 
This gives a turn-over rate of 7.5 
times per year compared to the old 
over-all rate of 3.3. If there had 
heen a marked trend in sales vol- 
ume or if sales had fluctuated 
seasonally, it would have been 
necessary to apply appropriate cor- 
rections. However, this was not 
eone and when the maximum in- 
ventory levels had been obtained as 
described for each material at each 
warehouse, the total maximum in- 
ventory at the four warehouses 
turned out to be 417,000 pounds 
compared to the previous peak 
inventory of 681,500 pounds, a re- 
duction of 39 percent. The new 
turnover rate was estimated as 4.0 
times per year compared to the old 
rate of 3.3. Furthermore, the total 
annual volume handled by the 
warehouses was reduced by 38 per- 
cent due to the practice of shipping 
to the local area or elsewhere by 
car lots direct from the plant. 

Control charts, like the one for 
the example shown in Fig. 1, por- 
trayed all of the pertinent informa- 
tion graphically and assisted in the 
analysis of each situation. 

No system may be devised which 
will work perfectly under all condi- 
tions and it was expected that this 
system would be subject to adjust- 
ment upward or downward for 
known seasonal fluctuations or for 
unusual changes in normal orders 
during a given month. 


Applications to Rating of Personnel 


The analysis of merit rating is an 
application in which useful informa- 
tion is often turned up, not only 
about the persons rated but also 
about the supervisors doing the 
rating’*’. This is the case in the 
following example which discusses 
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Figure |—Control Charts 


the rating of a large group of tech- 
nical employees. 


Comparison of Ratings of Technical Personnel. 

The 309 technical people employed 
in a research laboratory were as- 
signed to one of nine groups, each 
under a group leader and from one 
to three assistant leaders. In ap- 
plying a standard merit rating plan, 
the supervisory personnel were 
ector of the labora- 
f researchers 


“ated by ‘he dir 
tory end ac! 
was rated by 
or leaders. One final score, on a 


grou 


ts ow group leader 


scale between 0 anc 1200, was as- 
signed to each individual. With this 
many raters involved in rating 
many groups, many vat 
the ratings are to be expected. 
rater may rate all individuals in his 
group too high, another too low. A 
rater may be prejudiced and rate 
certain individuals high and others 
low. Furthermore, in any given 
group there may be individuals with 
qualities either far exceeding or 
much lower than those normal for 
the group or required for the type 
of work being done. 

Comparisons may be made within 
each group or a standard for the 
whole laboratory may be determined 
and all groups compared to it. This 
latter is undoubtedly the best thing 
to do in this instance since the work 
of all the groups is very similar. 
However, as a first pass at analysis 
of results, the ratings for each group 
were arranged in sub-groups of four 
and separate X and R limits were 
calculated for each group. Most of 
the groups were in pretty good con- 
trol on this basis although the aver- 
age rating and spread of limits dif- 
fered widely from group to group. 
The control charts for one particu- 
larly well controlled group, Group 
N, are shown in Fig. 2. 


ations 
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for Inventory Control 


When it comes to choosing a 
standard basis for comparing ratings 
from all groups a little problem 
arises. What is a proper average 
level and what width of limits indi- 
cates a satisfactory rating job? It 
happened that the average for 
Group N, 719, was closest to the 
grand average score for all groups, 
715. Furthermore, this group was an 
old, stable group with an experi- 
enced and very capable administra- 
tor as group leader. Also the lim- 
its, although narrowest of all the 
groups, represented a fair spread 
of scores and seemed to afford a 
good basis for distinguishing excep- 
tionally good or exceptionally poor 
nerformance. The failure of an 
range to stay within 
these Lnits would imply that some- 
thing unusual had affected the rat- 
ing and that it should be investi- 
gated. If the cause could be traced 
back to an individual rating, it might 
indicate on one hand the presence 
of an individual doing unsatisfac- 
tory work or on the other someone 
having superior accomplishments 
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who is ready for promotion to a 
supervisory position. Action for 
training or better placement, or 
separation might be indicated. If 
evidence of some kind of bias on the 
part of the raters is indicated, the 
ratings of the suspected group would 
have to be examined in detail. Re- 
rating or rating by a different rater 
might be done. 


When averages and ranges of all 
‘aboratory groups were plotted with 
limits based on the group N compu- 
tations, a number of interesting re- 
sults were observed. Although some 
of the groups were in statistical 
control, others showed lack of con- 
trol on the average or on the range 
chart. Although the earlier exami- 
nation of charts for single groups 
indicated that only a few individual 
ratings might be out of line, the 
condition of the combined charts 
indicated that differences between 
the raters was a major source of 
concern. As an example, the ratings 
by the leaders of Groups P, S, and 
T are compared in Fig. 3 with the 
ratings by the leader of Group N. 
For Groups P and S the range chart 
is in control but the average chart 
shows a shift to the high side for 
Group P and shift to the low side 
for Group S. Presumably the leader 
of Group P has been too generous 
and the leader of Group S too harsh 
in their ratings. Both need further 
training and practice in the use of 
the rating procedure. For Group T, 
however, the average rating is very 
close to the overall average and the 
sub-group averages are well con- 
trolled. The range chart is out of 
control. This indicates either a 
wide spread of abilities within his 
group or a tendency to rate some 
few individuals too severely and 
others too leniently. This rater also, 

(Continued on page 42) 
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Memo: To Quality Control Departments Everywhere 


In this period of industrial re-adjustment, your com- 
pany cannot afford to have you miss the 12th Annual 
Convention. AS competition grows ever keener, it is 
axiomatic that product quality demands must receive 
greater attention. You must be prepared to meet these 
demands by applying the powerful tools of statistical 
quality control to your problems. 


Nowhere but at Boston during May 26, 27, and 28, can 
you learn, in such a short space of time, so much 
about these techniques—new, old, simple, and complex. 
Last month's Industrial Quality Control carried the 
layout of the Convention Program. Get it out now and 
note how many topics among the 66 listed pertain to 
your field—and how many of the topics in other fields 
Suggest the possibility of application in your own. 
You, alone, can't cover all eight concurrent sessions; 
make sure enough of your associates attend to par- 
ticipate in every one that can help you do the job 
your company needs done. 





Bring this to the attention of your plant executives— 
bring them with you to the Convention. If you need 
additional registration forms, your local ASQC Section 
Secretary has a supply. Mail them in today. 


, ° al yr) yp 
a oe kL é, 1 
Frank rs ye 
all 


Frank Caplan, Jr., Chairman 
Convention Publicity Committee 
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Figure 3—Control Charts for Comparison of Group Merit Ratings 


(Continued from page 39) 
should be called in for review of his 
rating technique 

One should possibly go slow in 
applying results of a control chart 
analysis of this sort without reserva- 
tions. However, as a supplement to 
the routine methods for review of 
merit ratings, this kind of analysis 
should prove very valuable in many 


instances 


Comparison of Two Techniques for Rating 


Another slant on the use of qual- 
ity control principles in connection 
with merit ratings is provided by the 
comparison of two entirely different 
rating techniques applied to the 
same group of individuals 

A number of production and in- 
spection personnel were rated by 
their supervisors on four perform- 
ance characteristics: quality of 
work, volume of work, consistency, 
and initiative 

The same individuals were also 
rated by the personnel department 
by the system known as “Activity 
Vector Analysis.” It was desired to 
determine whether the two systems 
would result in grouping the indi- 
viduals in the same way as superior, 
average, or below average 

Control charts were used to sepa- 
rate the individuals who stood out 
as worse or better than the popula- 
tion norm using each of the rating 
systems. The following general 
comments could be made on the 
results. 

(1) A.V.A. ratings were, on the 
average, higher than foreman 
ratings, i.e., more critical. This 
was probably to be expected 

(2) In foreman ratings, several 
individuals stood out as bet- 


ter, or worse, than the popu- 
lation norm. A.V.A. ratings 
were considerably more ho- 
mogeneous, as was shown by 
no points outside control lim- 
its. 


“Quality of work” —A.V.A. 
ratings were distinctly less 
favorable than foreman rat- 
ings. 


“Volume of work”—the main 
difference was in the distribu- 
tion between “average” and 
“below average” scores; “very 
high” and “above average” 
scores were virtually identical. 


“Consistency’—A.V.A. was 
again markedly more critical 
than the foremen. Perhaps 
the meaning of this term was 
not fully understood; or su- 
pervisors were more tolerant 
and less critical of people 
with whom they have constant 


day-to-day contact than the 
personnel department was. 
(6) “Initiative’—A.V.A. rated 
both better and worse than 
the foremen; this trait prob- 
ably was not well recognized. 


An Application to Analysis of 
Indirect Expense 


Comparison of one period or one 
operating unit with another is the 
essence of control chart application 
to administrative problems. How- 
ever, in a highly diversified opera- 
tion it is sometimes difficult to find 
a measure which will be of the same 
order of magnitude for all segments 
of the operation. For this reason, 
percentages or ratios are often most 
useful for comparison purposes. 

An example is found in a study of 
indirect expenses in which the 
measures used in a control chart 
analysis are selling expense, experi- 
mental expense, home office, branch 
office and indirect mill expense, and 
total indirect expenses, all expressed 
as percent of sales. Data were avail- 
able on an annual basis for six 
operating departments covering a 
period of eight years. 

The experience of each depart- 
ment was divided into two sub- 
groups of four years each, as shown 
in Table II, for the data on selling 
expense in percent of sales. Scan- 
ning of the table turns up the fact 
that there are many discrepancies 
which make direct comparison diffi- 
cult. For example, throughout the 
first four year period, department S 
was way out of line on the high side. 
This was explained by the fact this 
was a newly organized department 
which was not expected to pay its 
way during the early years. As a 
matter of fact, for the first four 


TABLE !i—Selling Expense in Percentage of Sales 


Subgroup Average 
Subgroup Range 

6 

7 

8 


Subgroup Average 


Subgroup Range 


DEPARTMENT 
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years, total indirect expenses 
amounted to 50 percent of sales, 
although by the fourth year almost 
all classes of expense were almost 
down to normal. Since there was 
no doubt that this department was 
“out of control” during this period, 
that set of data was omitted from 
the control chart calculations. A 
question is raised also about De- 
partment V, which was always very 
low. There is an explanation for 
this, the fact that the department 
makes relatively few bulk products 
most of which are used by the other 
operating departments. Likewise, 
Department C is obviously differ- 
ent. Actually, it is an old depart- 
ment selling a small number of 
products to well established mar- 
kets. Although such results may be 
desired as the ultimate goal of all 
departments, it did not seem rea- 
sonable to include them in deter- 
mining limits in the current com- 
parison. 


Seven subgroups were used, there- 
fore, to calculate limits for a chart 
of individual measurements, as fol- 
lows: 


Individual limits: X + E.R 
= 8.50 + 1.457 3.82 
= 850 + 5.57 
14.07 and 2.93 


Range limits: D,R and D,R 
2.282 3.82 and 0 
8.72 and 0 


The resulting control charts are 
shown in Fig. 4. Department C was 
out of control on the low side, as 
was to be expected. Department E 
while in control, was above the 
average during the first period and 
below average for most of the sec- 
ond. This department was most 
affected by military demands and 
the high results were certainly due 
to lack of military demand in those 
years. Department N was always 
above the average. This department 
was selling in a highly competitive 
market and had, except for the new 
department, S, the highest average 
selling expense for the whole eight 
years. This is not a desirable situa- 
tion but may be an unavoidable one. 
It was noted that the experimental 
expenses of this department were 
also high. For Department P, the 
overall control is very good. De- 
partment S was out of control on 
the high side during the early years. 
Department V was, as noted, always 
out of control on the low side. 


A similar analysis was made 
for the three other measurements 
studied with much the same results. 


MAY, 1958 


SELLING EXPENSE IN PERCENT OF SALES 


AMUAL PERCENT BY DEPARTMENTS 


nn 


Figure 4—Control Charts 


The generally satisfactory experi- 
ences of Departments C and P are 
shown at a glance. The temporary 
difficulties of Department S are very 
apparent while the unusual experi- 
ence of Department V stands out. 
The peculiar dependence of Depart- 
ment E on military purchasing is 
clearly marked. The similarity be- 
tween the competitive situations of 
Departments N and S is particularly 
clear due to the similarity of results 
in the last four year period. 


It is believed that this kind of an 
analysis is helpful to general man- 
agement in comparing and under- 
standing operations. Furthermore, 
this kind of information can be of 
use to the individual operating de- 
partments by leading them to action 
to keep their results in line. 


Conclusion 


Stated in general terms, the use 
of statistical and graphic techniques 
provides a method for reaching deci- 
sions and directing action to control 
costs. The further down the man- 
agerial ladder we go, the less or- 
ganization we find for decision, ac- 
tion and cost control. We pay well 
for administrative ability and for 
the statistical information on which 
administrative decisions are founded. 
Through a quality control program, 
the same advantages are obtained 
down to the lowest supervisory level 
on a self-paying basis. A highly 
respected administrative tool is ex- 
tended in its scope and usefulness. 
Because it represents an extension 
of an essentially managerial func- 
tion, it should be directed from a 
policy-making level. Since very 
often in industry administrators 
arise from the ranks, the extension 
of the appreciation of the value in 
statistics will provide a means of 


for Analysis of Selling Expense 


training for administrative 


sibilities. 
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Headquarters, U. S. Air Force, Washington, D. C.* 


_— article describes a simple device with which one 
can perform variables acceptance sampling with 
practically no calculations and yet with good precision. 
It is based on the theoretical results of references‘! 
which are also the basis for the new military variables 
sampling standard, MIL-STD-414 

By variables sampling is meant the procedure of 
taking a random sample from a lot, measuring some 
prescribed characteristic of each member of the sample 
and computing the sample mean and standard deviation 
or average range.’ Using these two calculated values in 
some fashion or other, a decision is made as to whethe1 
the percent defective in the lot is small enough to be 
acceptable. If so, the lot is accepted, otherwise it is 
rejected. 

Without further ado we will examine a photograph of 
the device and show how it works by carrying through 
an example. It is assumed that the reader is acquainted 
with the general terminology of MIL-STD-105A, “Sam- 
pling Procedures and Tables for Inspection by At- 
tributes,” which terminology and definitions have been 
rather faithfully carried over into MIL-STD-414 

Figure 1 shows a series of curves for two-sided 
specification requirements and lines for one-sided speci- 
fication requirements, corresponding to various AQL’s 
(acceptable quality levels) and sample size letter I 
The horizontal axis corresponds to X and the vertical 
axis to s. Let U, L be the respective upper and lowe! 
tolerance or specification limits. The procedure is just 
about as simple as plotting the point whose coordinates 
are (X—L, s) and accepting the lot if the point lies 
under the proper AQL curve (or line as the case may 
be). If one does not care to calculate s; then one finds R 
and reads off the s associated with it from the double 
scale at the upper part of Fig. 1, and then plots the 
point (X—L, s). Note that there are no numbers on 
either axis, and so with no scale one could not as yet 
plot (X—L, s). However, that is where the indicator 
arm with its seven linear scales shown in Fig. 1 becomes 


*This article was prepared while Mr. Greenwood was with BUAer 
Navy Department 


Sample mean 
Sample standard deviation 


Average range R may be found when the sample is a multiple 
of five. The range (largest value minus the smallest) is found for 
each group of five readings taken in their natural order and the 
average of the ranges is R. When the sample size is less than ten 
the range of the sample is used 
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useful—to permit one set of curves to solve all such 
problems regardless of the units in which they are 
expressed. Now we will carry through the example 


Two-Sided Specification Limits 

The nominal diameter and tolerance on certain bolts 
are given by 0.5000 + 0.0300 inches, or from L = 0.4700 
to U = 0.5300 inches. A lot of 1200 bolts is received and 
the Inspector takes a random sample of 30 bolts to 
apply an AQL of 2.5 percent defective using average 
range. (This situation corresponds to the sample size 
letter I as indicated in Fig. 1.) The sample measure- 
ments are given in Table I. 


R = (0.0213 0.02312 
From the double scale at the top of Fig. 1, 

s 0.0098. 

x (0.5150 

U L 0.0600 


Xx L 0.04105 


0.0190) /6 


0.5068) / 30 0.51105. 


We have now finished the calculations, and the rest 
of the operation consists of taking three steps with the 
scale arm and its two indicators, as shown successively 
in Figures 1, 2 and 3. 

In Fig. 1 the scale arm is horizontal. Call the left and 
right hand indicators (a) and (b), respectively. Set 
indicator (b) on U — L = 0.0600 on one of the seven 
linear scales on the scale arm, but in the region to the 
right of the large basic square. Only one such possible 
point exists in general. Indicator (b) is set thus in Fig. 
1 and once set will not be moved from its position on 
the scale arrn. 

Rotate the scale arm to the position shown in Fig. 2 
wherein the lower point of indicator (b) coincides with 
the vertical edge of square. Now move indicator (a) 
to X L 0.04105 on the same one of the seven 


TABLE I|—Diameters of 30 Bolts 


0.5150 0.5033 0.5094 
0.5040 0.5048 0.5099 
0.5253 0.5124 0.5008 
0.5177 0.5072 0.5286 
0.5181 0.4989 0.5106 
0.0213 R 0.0135 R 0.0278 


0.5314 0.5138 
0.4961 519 0.5078 
0.5135 
0.5154 
0.5181 506 

R 0.0353 7 0.0190 
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ACCEPTANCE SAMPLING BY VARIABLES 
SAMPLE SIZE LETTER 1 


Figure 1 


|) ACCEPTANCE SAMPLING BY VARIABLES 


t SAMPLE SIZE LETTER I 
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scales containing U — L. This is done in Fig. 2. Make 
a dot at the lower point of indicator (a). 

Again rotate the scale arm to the position shown in 
Fig. 3 wherein the lower point of indicator (b) coin- 
cides with the upper horizontal edge of square. Now 
move indicator (a) to s = 0.0098 on the same one of 
the seven scales containing U — L. This is done in Fig. 
3. Make a dot at the lower point of indicator (a). 

The vertical line through the first dot and the hori- 
zontal line through the second dot intersect in a point 
which is under the AQL = 2.5 percent curve. There- 
fore the lot would be accepted. Had it been above the 
curve, the lot would have been rejected. 

In brief summary, the three operations are: Set indi- 
cator (b) on U — L as shown in Fig. 1; set indicator 
(a) at X — L with scale arm as in Fig. 2; and set indi- 
cator (a) at s with scale arm as in Fig. 3. 


Single or One-Sided Specification Limit 


Suppose only the lower specification limit, L = 0.4700, 
had been given, but otherwise same sample size and 
same AQL. The procedure is a bit simpler, if any- 
thing. As before, one obtains X, s and X — L. How- 
ever, in this procedure, replace U — L (which is now 
non-existent) by the larger of s and X — L. Then if s 
is the larger, the intersection point will lie on the upper 
edge of the square. If X — L is the larger, the inter- 
section point will lie on the right edge of the square. 
Otherwise the procedure is carried out as in the two- 
sided case but using the AQL line. 


If only the upper specification limit U is given, one 
obtains X, s and U — X&. Then replace X — L by U — X 





THE ARMCORP VARIABLES SAMPLER 


for mechanically performing inspection pro- 
cedures in accordance with MIL-STD-414. 


The ARMCorp Variables Sampler is a simple, 
accurate, easy to use instrument for imple- 
menting the acceptance sampling procedures 
of MIL-STD-414 as described in the article 
by Dr. Joseph A. Greenwood entitled “A 
Mechanical Variables Sampler’’ in this issue. 
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Figure 3 


in the above procedure, following the same instructions 
word for word. 

According to the theory of the references ‘':?) the pairs 
of values X, s which correspond to acceptance of the 
lot form a closed region, which may be plotted as was 
done in the curves shown in Fig. 1. The curves cor- 
respond strictly to s as calculated from the sum of 
squares formula. However, by spot-checking points 
it appears that the same curves may be used for the R 
method (as was done, in the example above) except 
when the sample size is, say, below seven and at the 
same time the AQL is below one percent. This is not 
much of a practical restriction and so it does not appear 
worthwhile at present to produce a special set of X, R 
curves, which could be done. We point out that the 
known standard deviation case is not considered in 
this article. 

As pointed out earlier, this variables sampling cal- 
culator is intimately related to the new military stand- 
ard, on variables sampling, MIL-STD-414, in that it is 
based on the same theory, and has the same set of 
AQL’s and sample size letters. It will accept or reject 
the same lots that MIL-STD-414 will, and because of 
this may be considered as a simple way to carry out 
one of the major functions of MIL-STD-4i4. The ac- 
curacy is quite adequate since, in order to make the 
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points fall on a smvoth-appearing curve, accuracy as 
good as that of the tables in MIL-STD-414 was re- 
quired. While the chart containing the AQL curves of 
sample size letter I, only, is shown in Fig. 1, a similar 
chart has been prepared for each of the sample size 
letters from A to Q*. 

If the following information (which is equivalent to 
similar information and instructions found in MIL- 
STD-414) were, say, printed on the reverse side of 
the device or otherwise easily available, the calculator 
would become practically self-contained. Note that a 
larger sample size is generally required if one uses 
the R method rather than calculating the s from its 
definition. 


Sample Size 


Sample Size for 
Code letter 


sa oe w BW 


10 
15 
25 
30 
35 


40 
50 
75 
115 100 
175 150 
230 200 


Tightened Inspection: Use same sample size letter as 
would be involved in normal inspection but next smaller 
AQL. For example when going to tightened inspection 
from normal inspection with sample size letter G and 
AQL 4.00, one would use the chart with sample size 
letter G and AQL 2.50. 

Reduced Inspection: Use the sample size letter in the 
following table associated with the proper sample size 
letter of normal inspection. Also use the next larger 
AQL than given for normal inspection. For example, 
suppose normal inspection has sample size letter G and 
AQL 1.50. To apply reduced inspection, use the chart 
of sample size letter D and AQL 2.50 

Normal BCDEFGHIJKLMNOPQ 


Reduced BBBBCDEFFGHHIJMN 
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In the past, man has invariably been 
the beneficiary of an era of great scienti- 
fic development. The hope is universal 
that he will benefit in the future. 


mQo 


MERCK SHARP & DOHME 


Division of Merck & Co., Inc. 














From the 
Nerap Box 


MASON E. WESCOTT, Editor 


University College, Rutgers University, New Brunswick, N. J. 


Other Staff Groups 


CULUERED EN EOD ET ERTODEREREOOR ODER OUGEEDDERER CRORE SOD ENED ETOH ORETORRERDROR ORD ORENNDEOETE 





Can Use Statistics Too! 


S. REED CALHOUN and PAUL E. GREEN 
Lukens Steel Company, Coatesville, Pa. 


| pa are the quality control engineers who have not at 
some time met the proverbial blank wall( or at leart 
the blank look) when it came time to communicate the 
findings of some statistical investigation to the consume: 
of those findings. Invention of non-technical synonyms 
for terms such as standard deviation, correlation coeffi- 
cient, and the like have probably taxed the semantic re- 
sources of most of us at one time or another. Not in- 
frequently, this attempt at translation may create the 
impression the statistician is talking down to his hearer, 
a situation not likely to promote the best of interpersonal 
relations. A hurried, informal explanation of the under- 
lying concepts of probability and statistical decision 
theory cannot usually be relied upon to provide a func- 
tional grasp of these ideas through which meaningful 
communication can take place 

Contributing to a dilemma in this respect are the im- 
portant contributions which statistical methodology has 
made in recent years to other industrial staff activities 
usually considered outside the domain of quality control, 
e.g., industrial engineering, auditing, experimental re- 
search, market research, and design engineering to name 
a few. The industrial statistician, whether he be engaged 
in the substantive area of the control of quality or de- 
sign of a market survey, nevertheless possesses a kit-bag 
of techniques which can be frequently employed in the 
solution of problems seemingly foreign to his usual area 
of interest. 

At Lukens Steel Company, some progress has been 
made toward the resolution of the above mentioned 
dilemma through the design and conduct of formal 
training courses in applied statistics. The characteris- 
tics of these courses and the lessons we have learned 
from them are the subject of this article. The fact that 
these seminars in our own instance were conducted by 
operations research personnel is the result of a par- 
ticular set of circumstances rather than being germane 
to the idea 

Our efforts to date have been principally with two 
groups; the Industrial Engineering, and the Research 
(Metallurgical) Divisions. Three formal courses have 
been given and various supplementary teaching aids 
have been prepared to (1) keep the material presented 
in the courses current, and (2) serve as a memory jog 
for the student. 
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Industrial Engineering Division Courses 


In looking around for the material most pertinent to 
industrial engineering applications, our attention was 
focused upon two major areas: 


(1) Regression and correlation analysis 
(2) Work sampling 


The character of our business, being largely job shop, 
is that work standards and, ultimately, incentive plans, 
are usually based on some variable characteristic(s) of 
the product, e.g., weight, area, gage, etc. Herein lay a 
“natural” for regression and correlation analysis. Al- 
though our Industrial Engineering personnel had gen- 
erally used scatter diagrams and eye estimates of the 
functional relationships of time study results with pro- 
duct variables, recent interest had settled on the pos- 
sibility of employing mathematical aids, principally least 
squares, in data analysis. 

Accordingly, a practical “want”, in marketing termi- 
nology, existed which could be filled by a short course 
in regression and correlation analysis. It appeared the 
course could be made meaningful to the Industrial En- 
gineering people by building the work of the course 
around statistical treatment of data familiar to them, and 
obtaining from the data those measures which the In- 
dustrial Engineering staff needed in their work. Fur- 
ther, in addition to the mechanics of curve fitting, op- 
portunity existed for relating regression analysis to 
statistical estimation theory and the assumptions under- 
lying The background of the attendees was such 
thai introductory session on the basic concepts of 
statistical methodology also appeared worth-while 

Actually, a set of close to ideal conditions existed: The 
attendance was to be small (approximately a dozen 
people), the group would be relatively homogenous in 
their knowledge of the subject material (virtually nil), 
and a definite application existed in their everyday work 
for the proposed course content. To further ease any 
pain, permission was granted to conduct the course on 
eompany time (one hour per week for four consecutive 
weeks). 

Outlines of each hour’s presentation were prepared 
in advance and distributed to the attendees. Broadly 
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condensed, the material of the course comprised the fol- 
lowing: 

1. Session One—Need for statistical techniques; de- 
scription vs. analytical; systematic and experimental 
error; errors of the first and second kind; operating 
characteristic curves. 

. Session Two—Two variable linear regression; least 
squares calculation of regression and correlation 
coefficients; interpretation of these coefficients; 
dangers of extrapolation. 

Session Three—Multiple linear regression; relation- 
ship to the two variable case; net coefficients; build- 
up through simple correlation coefficients. 

Session Four—Non-linear correlation and linear 
transformations; confidence interval for regression 
line and its relationship to estimation theory. 

As you have probably already surmised, our first effort 
in this direction was overzealous—we included too much 
material. Fortunately, the level of maturity of the at- 
tendees was high enough to absorb the substance of the 
overly ambitious offerings, but you can imagine the 
results of an attempt to cover in one hour a topic such 
as the implications and philosophy of statistical decision 
theory. As it worked out, we did cover fairly success- 
fully the main points of regression and correlation 
analysis, although many of the more sophisticated de- 
tails could only be glossed over within the limitations 
of time. 

A while later, we embarked on another educational 
venture, this time in work sampling. Some early efforts 
on the part of our Industrial Engineering personnel had 
whetted their appetites on the contribution which work 
sampling could make to their standards work. Inasmuch 
as work sampling concepts were based on the binomial 
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distribution, this area represented an application of sta- 
tistical estimation theory and random sampling tech- 
niques. The attendees were to be the same group which 
comprised the first session. Drawing on prior experience, 
we decided to cover less ground more thoroughly. Ac- 
cordingly the subject matter, broadly condensed, in- 
cluded the following: 

1. Session One—Review of first session of previous 
course, main emphasis being on errors of the first 
and second kind. 

. Session Two—Estimation theory; random sampling 
distributions; standard error of a proportion; con- 
struction and interpretation of a confidence interval. 

. Session Three—Work sampling demonstration; use 
of random number table; general layout of a work 
sampling investigation. 

. Session Four—Statistical independence; stratifi- 
cation in work sampling; review of important con- 
cepts. 

A general cutting down of material enabled a more 
leisurely pace to be taken in the conduct of this course 
compared to our initial effort. Additionally, advisory 
assistance was rendered in several work sampling in- 
vestigations which were started after the course was 
completed. 


Research Division Course 


In our Metallurgical Research Division, we had re- 
ceived enough requests for data analysis to suggest the 
potential usefulness of statistical techniques not only in 
making inferences from data already collected, but, more 
importantly, in the actual design of the experimental 
investigations. 
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STATISTICAL QUALITY CONTROL 
ASSISTS IN ASSURING 
PRODUCT UNIFORMITY 


Illustrated above are typical manufacturing and in- 
spection operations made more effective by the 
application of statistical quality control methods. 


These methods are used as an important tool in 
building uniformity, consistent quality, maximum reli- 
ability and dependable performance into every Ladish 
Controlled Quality fitting and forging. 


10 MARK PROGRESS 
LADISH CO. 
CUDAHY (Milwaukee Suburb) Wisconsin 


Plants and Sales Offices throughout 
the United States and Canada 





Recognizing this potential, we had prepared and dis- 
tributed to our research personnel a little manual of 
statistical tests for small samples. The usual tests for 
means, proportions, variances, etc., were included as 
well as some elementary background material in the 
logic of statistical precedures. As simple in scope as the 
manual was designed to be, this material required per- 
sonal instruction. What was envisioned at this point 
was a short course on design and analysis of experi- 
ments. Here again, the attendees were a mature group 
of individuals whose training was in metallurgy. Their 
better than average mathematical background permitted 
a rather rapid coverage of material in the eight hourly 
sessions. Following our earlier format, outlines were 
prepared covering the following subject matter: 

1. Session One—Statistical foundations in experimen- 
tation; randomization; hypothesis testing and errors 
of the first and second kind. 

. Session Two—Probability theory; random sampling 
distributions; measiwres of dispersion. 
Session Three—Tests for means; test for two vari- 
ances; Bartlett's test; one-sided vs. two-sided tests 
Session Four—Regre:sion and correlation; simple 
correlation; multiple correlation; orthogonal poly- 
nomial coefficients. 


Session Five—Estimation theory; point estimation; 
construction and interpretation of confidence in- 
tervals. 

Session Six—Analysis of variance; assumptions 
underlying ANOVA; transformations; use of F 
ratio; principal design types. 

Session Seven—Completely randomized designs; 
significant gap and straggler tests. 

. Session Eight—Randomized block and factorial ex- 
periments; separation of interactions; use of or- 
thogonal polynomial coefficients. 

The scope of the material strongly suggested the use 
of rather detailed numerical examples in order for the 
attendees to get a “feel” of actually working through 
an ANOVA problem. Calculati~ ai short-cuts were ex- 
plained and also demonstrated in the numerical ex- 
amples. Obviously, in a survey type of course such as 
this, the prime objective was to stimulate a certain 


What's New? 


When inquiring about “What's New?” items, please mention INDUSTRIAL QUALITY CONTROL 


William J. Hacker & Co., 82 Beaver 
Street, New York 5, N. Y., the 
American Representative of ZWICK 
of Western Germany, is importing a 


measurement 
threads. 


nate pinching and the machine also 
provides for initial adjustment and 
the tension of 


amount of enthusiasm and interest rather than to make 
accomplished statisticians of the research personnel. 
Inasmuch as the services of a statistical group were 
readily available, an added goal was to lighten the com- 
munication burden betwen the experimenter and the 
statistical analyst. Just as important, of course, was 
stressing the need for statistical services prior to con- 
ducting the experimental program. 


Summary 


A few generalizations can be made as a result of our 
still early entry into the teaching domain. Although 
most of these observations are self-evident, a little 
repetition may not be amiss. On-the-job training 
courses appear to fare best when: 


1. Background and job interests of attendees are 
relatively homogenous. 


. Presentation of the material is problem oriented in 
terms of immediate or near-term applications. 


. The teaching group stands ready for specialized 
follow-up when the attendees attempt to tackle 
some problems on their own. 


. Supplementary teaching aids in the form of problem 
sheets, outlines, ete. are prepared to keep the 
lecture material fresh in the student’s mind. 


_ A need exists for the course. As obvious as this 
point is, our experience has shown that courses 
can get far afield (and, incidentally, superfluous) 
if the instructor dwells upon material more in- 
teresting to him than to the students. 


For the instructor in the statistics orientation courses 
some real values seem to accrue. 

1. Conducting the sessions represent a broadened 

scope of activity and wider intra-plant contacts. 

2. The development of some familiarity by the at- 
tendees with statistical jargon simplifies the prob- 
lem of communication in the day to day association. 
Not only do the attendees benefit from the in- 
struction; the instructor also benefits through ac- 
quiring a better grasp of the problems handled by 
the particular groups with whom he works. 


ROY A. WYLIE, Editor 


(+90°), with inbuilt leveling and 
full 360 azimuth adjustment for ac- 
curate polar axis alignment. The 36 
inch diameter table top is a precise 


new completely automatic electronic 
tensile testing machine. Especially 
suitable for testing synthetic fibres, 
threads, etc. the machine has a 
measuring range extending from 50 
to 20,000 grams. The load measure- 
ment works with little inertia. Load 
and elongation are indicated, re- 
corded and statistically evaluated 
automatically. Special grips elimi- 
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x * * 
The Sterling T818 System Test 
Turntable is a massive, ultra-pre- 
cise, tiltable, earth axis turntable 
suitable for mounting complete nav- 
igation system platforms (up to 500 
Ibs. weight) to check the alignment 
of their inertial components and to 
observe the gyro and platform drift 
characteristics. The table is tiltable 


flat with tapped mounting holes. A 
demountable cradle with microme- 
ter adjustments provides for mount- 
ing a 32 inch diameter, 500 Ib. 
spherical platform. Despite its size 
(the rotating element weighs ap- 
proximately 3,000 Ibs.) the table 
turns precisely and smoothly on 
pressurized fluid bearings. Rota- 
tional and alignment accuracies of 
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p A new and easy-to-use method for 
Seventh Annual Advanced Management Seminar checking the bond in honeycomb 
The seventh annual advanced management seminar, a six-week course in structures is the latest development 
executive development, will be held at the University of Washington, added to the group of testing sys- 
Seattle, from June 15 to July 25. tems available from Magnaflux 
The program is designed for men already carrying substantial executive Corp., 7300 West Lawrence Avenue, 
responsibility and ultimately in line for more. All courses are presented Chic: 31 Ill. The > tant. iene 

from the point of view of top management, in a training environment not acago oi, ii. . new = ’ 
normally possible in company programs or regular university courses. The as Bondcheck, is sold in kit form at 
seminar will prepare promising maturing executives for greater respon- low cost and fills a gap in preving 
sibility and enable them to function more effectively in their present jobs. integrity for successful performance 
Opportunity to develop an integrated approach to major policy decision- of honeycomb assemblies. The 
making is provided through the playing of a “top management decision Bondcheck BC-1 I tion Kit is 
game.” The members of the group are divided into competing “companies” cndenec % nepectc 
and develop business strategies by making decisions on pricing, production used most successfully on metallic 
scheduling, inventory control, marketing expenditures, research and devel- honeycomb, soldered, welded or 
opment programming, market information, and plant capacity. These com- brazed to the skin surfaces. The 
petitive decisions are then evaluated and the resultant profits or losses sont precedere bates by ceentn 
reported to each company. The “game” has been unanimously endorsed by oo peu ad 8 ’ ing 
past participants and described as challenging, interesting, and enlightening. the part surface and then spraying 
There are no formal or educational requirements for admission to the on a specifically formulated red fluid 
Seminar. Experience has shown that executives who benefit most are those that is repelled by heat and tends 
who have revealed themselves as ambitious, adaptable to new situations, to flow to the coolest area on a metal 
and seesptive to new Sines. surface. Next, a controlled heat is 
Additional information and a descriptive brochure may be obtained from applied from a high intensity infra- 
Prof. Jim Rosenzweig, Director red lamp. This heat is conducted 
Advanced Management Seminar f th Seen hel inenacted te 

College of Business Administration SCE We Sursace Semg Nepecs 

University of Washington the honeycomb core wherever good 
Seattle 5, Wash. bond exists between the core and 
the surface. Since the visible fluid 
t2 seconds of arc are attained, even inches high (from floor to table top) flows to the coolest areas, it accu- 
under tilted conditions. Turntable and weighs 7,000 lbs. For further mulates at every point of good bond, 
drive is by synchronous motor at information write Sterling Preci- reproducing an exact pattern of the 
various multiples of true earth's sion Corp., Instrument Division, 17 bonded area. Areas of defective bond 
rate. Provisions are made for in- Matinecock Avenue, Port Washing- are visible as gaps in this pattern. 
corporating a direct drive servo ton, L. I, New York, for the Sterling Deformed core materials are also 
motor for closed loop operation. Engineering Report ER-122 readily apparent, with the inner 
Unit is 50 inches in diameter, 63 ue core pattern visible in the outer 
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Seenderd AIR GAGES 


@ Pioneers in the air gaging field and the largest producer 
of AIR GAGE MEMBERS FOR ALL CIRCUITS, the Freeland 
organization offers a combination of high quality, low cost 
and fast delivery on all types of air gage members. 


@ In chrome, steel or carbide . . . through hole, blind hole 
or special . . . flow, differential or back pressure . . . all of 
these are available at Freeland. Whatever your requirements 
in air gaging, specify FREELAND! Order the nation’s standard 
for accuracy now! 


FREELAND RECONDITIONING VALUABLE REFERENCE 


SERVICE FOR ALL AIR GAGE GUIDE AVAILABLE 
The Freeland GENERAL 


HaSeRS REFERENCE AND OR- 
Whatever the type or condition, DER GUIDE—Air Gage 
Members For All Cir- 
Freeland craftsmen can renew that , 
cuits, can be yours 
air gage member. Let us show without obligation. 
you ... Send it int! Write today. 


FREELAND GAUGE COMPANY 


Precision gaging + Precision Tooling ® Precision Production 
9948 FREELAND e DETROIT 27, MICHIGAN 
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slow motion cooling...a new way to harden steel 


red hot sample in plastic quench (right) stays in vapor stage of cooling 
several seconds longer than in water quench (left) 


tic quenching have been demonstrated by IH metal- 
lurgists and verified by Quality Control. ..one more ex- 
ample of the importance of Quality Control and research 
at 1H in the development of high-quality products. 


International Harvester has developed a new method 
of hardening steel by plastic quenching. This new 
quenching method introduces an adjustable cooling rate 
between water and oil. The benefits of adjustable plas- 


INTERNATIONAL HARVESTER 
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| surface pattern. The test takes only 
NOW HIGH PRECISION CONTROL ACCURACIES a few seconds per area tested. Any 


for TESTING PRODUCTION LINE ITEMS complex shape can be tested, and 
automatic testing is practical on 


O i $24 @ he simple shapes. The Kit consists of 

Lu —ZO oF » + C two separate carrying cases. Case 
’ ‘ No. 1 contains an inspection stand, 

spray gun, 25 foot air hose, air pres- 

sure regulating valve, air gage and 

filter, one quart of bondcheck fluid, 

and two 12 oz. spray cans of cleaner 

Example of standard Case No. 2 houses the powerstat 

;, test tray to test which enables the inspector to vary 

ye > esniscntusters, the heat intensity. Powerstat oper- 


ates on 110 volt, 60 cycle, 1 phase 
MODEL TC-5 current, drawing up to approximate- 
ly 15 amperes 


check thse CONTROL ACCURACIES * * @ 


‘ . —70°C. to +320°C. Model TC-5B +4°C. —55°C. to +320°C, Model TC-5 _ ‘ ' - — 
tiauio =F — Joe to 175°C. Model 1C-28 ety 1°C. —55°C. to +175°C. Model TC-2A Lavoie Laboratories, Morganville, 
€ + 2°C. —70°C. to +320°C. Model TC-48 2°C. —55°C. to +320°C. Model TC-4 N. J., offers an automatic tape- 


With the addition of the Model TC-5 to the line of Statham programmed resistance measuring 
Development's Environmental! Test Chambers, closer control instrumer whicl vg Ran ‘ 

tolerances (to + 44°C.) can be achieved to meet any produc- : ait ch can select any 
tion and laboratory testing need. The new proportioning two of 240 points and measure the 
electronic heat controller provides accurate temperature Ge ae = ; iets 
tion time and in lowered control and indication. The test trays used in all Statham resistance between them, in a range 
roduction costs. Test Chambers are interchangeable for greater convenience from 1 ohm to 9.99 megohms. In 


OTHER IMPORTANT FEATURES ~ 
@ Liquid CO, refrigerant : and elimination of pemag Swe. If trays for special appli- 
. t 


*® Convenience of operation 
through interchangeability 
of test trays. 

@ Savings in design evalua- 


allows lower temperature cations are required, Statham's engineers will provide test addition to selecting a 1, 5, 10, o1 
operations. for extended tray fixtures to meet your requirements. - 20 percent nominal tolerance, the 
persocs oF time. Write today for technical data on how Statham's Environ- cee ; 
* Fast heat-up time—from mental Test Chambers will meet your precision control Robotester may be programmed to 
accuracy requirements . pass any value belcw or above a 
Prices range from $550.00 to $1100.00 ’ 


10 minutes. 
* Low cost—compared to 


other makes selected medien resistance. The 


Robotester will perform a series of 


Statham T CORPORATION ~ circuit checks on an assembled 
piety tye automatically indicating ; 


-hassis, ‘ 
12411 W. Olympic Blvd. « Los Angeles 44, Calif, * GRanite 7-9157 « BRadshaw 2-7528 ee . , 
failure due to shorts or out of toler- 


ance parts, at 60 to 100 tests pe: 
minute. The punched tape provides 
a convenient permanent test pro- 
gram and allows repetition of a 
production run at infrequent inter- 
vals without creating a test fixture 
storage or investment problem. Ap- 
plications of the Robotester range 


o : from check-out of launching plat- 
cast iron CAST IRON PIPE AND FITTINGS ae ans ae "TV pl to aed aad 


PIPE SPECIAL CASTINGS ]| checking relay” stacks 
CENTRIFUGAL OR STATIC a cetaiaan th Dl aii mali, 


tion for ultrasonic thickness gaging, 
recording, detection of laminar flaws, 
including connections for automatic 
sorting and rejection, is now avail- 


SLOS PIG IRON « COKE able from Branson Instruments Inc., 
4 40 Brown House Road, Stamford, 
COAL CHEMICALS + PAINT Conn. Thickness of metals, glass, 
AMMONIUM SULFATE and plastics between 0.005 and 2.5 

SPECIALISTS IN inches can be measured. Readings 


FOUNDRY IRON ROCK wool INSULATION ; are obtained instantaneously by 
SINCE 1882 applying a transducer to one side 
of the work and reading the thick- 

ness indication on the instrument's 

screen and/or chart. The strip chart 

recorder clearly shows thickness 

changes which are barely visible on 

the screen. The recording pen is 

activated by an amplified signal 

proportional to the difference be- 

tween the work thickness and some 

preset standard. Thus, a_ highly 

magnified profile of the surface is 

drawn on the moving chart. The 
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SQC chart—attached to moving dial switching frame—follows the 
job, providing wiremen with a readily available record of quality. 


SQC ‘built’ into new plant 


When Western Electric started its new quality is high and costs are being held to a 
Omaha, Nebraska, plant for manufacturing reasonable level. 

cable and switching Cquapmem for the Bell We at Western Electric are sold on SQC. 
sysem, we launched . Statistical Quality We have championed it for more than a 
Control program right from the outset. quarter century and use it at all of our manu- 
Today—two years later—most of our ke facturing locations. We will keep on using it 
employees in Omaha are graduates of SQC in the years to come. 

training classes. Weekly SQC reports are pre- This means the Bell Telephone Companies 
pared for the major processes, and hundreds __ will continue to receive high quality telephone 


of quality control charts are in use. Product equipment... and at low cost. 


MANUFACTURING AND ~. ),. OF THE BELL SYSTEM 
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gating and alarm circuit trips a 
realy when a part reaches predeter- 
mined dimensional limits, energiz- 
ing audible or visible alarms, mark- 
ing devices or sorting attachments. 


~* * 


Trico Machine Products Corp., 266 
Grand Avenue, Cleveland 4, Ohio 
have introduced the new Micro- 
Seale, providing a simple dimen- 
sional standard for precision setting 
of layout instruments. It permits 
setting dividers and similar tools to 
3-place decimal accuracy without 
gauge blocks or other standards. The 
Micro-Scale has a_ direct-reading 
scale and a graduated dial, cali- 
brated in 0.00l-inch increments 
from 0 to 6, 12, 18 or 24 inches. 
Turning a knurled knob moves a 
helical scribed line on the barrel to 
provide the two fixed points for lay- 
out instrument settings. The Micro- 
Scale permits fast precision settings 
in the fraction of the time required 
by conventional tools. It is simple 
and easy to use, eliminating all 
guess work and eye strain in lay- 
out work, as well as in many appli- 
cations in checking and inspection 
of tools, dies, and similar products 


ee & 





Summer Statistical Methods in Industry Course 


The third annual “Statistical Methods in Industry Course” will be held 
on the University of California, Los Angeles Campus during Aug. 11-22. 
This is a full-time program, sponsored by the Department of Engineering, 
University of California at Los Angeles, in cooperation with the University 
Extension and the Los Angeles section of the American Society for Quality 


Control. 
To be offered are the following: 


dinner. 


(1) A basic course in quality control by statistical methods. 

(2) An advanced course in industrial statistical methods. 

(3) A series of general lectures for all participants on such subjects as 
reliability in industry, statistics in research, quality control proce- 
dures, organizations, and reports. 

(4) A “practical aids” series for all participants including computing and 
gaging techniques and instruments, and pertinent films. 

Included in the staff will be Professor Irving Burr of Purdue University 
and Professor Lloyd Knowler of the State University of Iowa, and other 
distinguished representatives of government, education and industry. 

The $250 fee includes tuition, books, supplies, ten luncheons and one 


In addition to the above program, a three week course in industrial 
reliability will be held during Aug. 4-22. Because of previous reservations, 
only a limited number of registrations can be accepted for this course. 
Registrants should possess a degree in engineering or science or the equiva- 
lent. Fee for the industrial reliability course is $350. 

For further information write Professor Edward P. Coleman, Coordinator, 
Statistical Methods in Industry Course, Department of Engineering, Univer- 
sity of California, Los Angeles 24, Calif. 
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Research Tabulating Bureau, Dept. 
440, P.O. Box 7, Indianapolis 6, Ind., 
has published METZGER’S TABLE 
OF 45,000 PER CENTS. The table 
is of value to researchers, statisti- 
cians, accountants, estimators, clerks, 
engineers, management consultants, 





A_ high-production 


lot quantities 


etc. (Rotio 1:5, 1:10, 20) 


e TELE-PROBOMAT 


« PILOT PROBOMAT 


drive geors, etc 


34 W. 33rd St. 





AUTOMATIC INSPECTION AND MEASUR- 
ING MACHINES 


« PROBOGRAPH® MODEL MP 


automatically assorting and recording machine for 


airfoils and other complex parts. Computes overlapping tolerances 


e UNIVERSAL PROBOGRAPH® MODEL SP-U 
A multi-purpose, high precision measuring machine for complex parts 
(gears, airfoils, cams, gear housings, impellers, hole patterns, etc.) 
matic recording; Data input by tape control 


e TEMPLATE PROBOGRAPH® MODELS TPSS AND TPDS 


An automatic measuring machine, recording outlines of contours of airfoils, 


TAPE CONTROLS FOR AUTOMATIC 
ACTUATION OF MEASURING MACHINES 
AND MACHINE TOOLS 


System for actuation of lead screws, worm and gear drives, etc 


System for actuation to absolute scale without reference to drive screw, 


THE WARNER & SWASEY RESEARCH CORP. 


(LAckewanna 4-1536) 


Auto- 
For single pieces and job 


New York 1, N. Y. 








cost departments, and others who 
need to make rapid calculation of 
percentage figures. The table con- 
tains 45,000 percents, up to 99.999 
percent on the basis of 1 to 300 lines 
(numerator) and 1 to 300 columns 
(denominator). The complete table 
contains 54 pages, size 8% x 11 
inches. Price for the table is $4.00. 
New Literature Available 

A new eight-page bulletin describ- 
ing complete complex motion and 
sine wave vibration generating sys- 
tems, for use by aviation, missile and 
rocket design and test engineers en- 
gaged in precise vibration analysis, 
has been announced by MB Mfg. Co., 
Division of Textron Inc., P.O. Box 
1825, New Haven 8, Conn. 

M-S-A Particle Size Analyzer is 
the title of Bulletin No. 0708-1, is- 
sued by Mine Safety Appliances Co., 
201 N. Braddock Avenue, Pittsburgh 
8, Pa. The 4-page bulletin presents 
a new low-cost, general purpose in- 
strument for determination of parti- 
cle sizes in the range of 0.1 to 40 
microns. 

Dynametrics Corp., Northwest In- 
dustrial Park, Burlington, Mass., has 
just published a catalog on its line of 
manometers for low-cost pressure 
measurement. These precision in- 
struments have been used for many 
years in aerodynamic and engine test 
work. Dynametrics Corp. also manu- 
factures force beams for accurate 
measurement of forces, such as 
weight and torque, wind tunnel bal- 
ances (strain gage and mechanical), 
devices for missile weight and cen- 
ter-of-gravity, and related data han- 
dling and read-out instrumentation. 
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BOOK RE 


W. D. Baten, Editor 


26 University Drive, East Lansing, Mich 


ENGINEERED WORK MEASURE 
MENT, by Delmar W. Karger and Frank 
lin H. Bayha, The Industrial Press, New Inc 
York, 635 pages. Reviewed by N. L. En- 
rick 


This book is sub-titled: “The Princi 
ples, Data, and Techniques of Methods 
Time Measurement, Modern Time and 
Motion Study, and Related Applications 
Engineering Data.” History, fundamen 
tals, applications and standards of meth 
ods-time measurement and time and mo 
tion study are covered with great clarity 
and detail, supplemented by a wealth of view of measure 
well chosen illustrative examples 

Of special interest to quality-control 
minded readers is the material on statis 
tical evaluation and control-chart analysis 
of work measurement data, as well as 
the data on work-sampling or ratio-delay 
studies. Many helpful nomographs reduce 
routine statistical calculations to simpk 
addition and averaging of individuals and 
ranges 

As a result, this should be a useful text 


training and reference volume 


NONPARAMETRIC METHODS IN 
STAT ISTICS by D \. S. Fraser John those details of 


Wiley and Sons, Inc. . Reviewed by R. B 


Murphy, Bell Telephone Laboratories 


Prote ssor Fraser Ss new book sa sophis 
ticated approach to the problems of non 
parametric statistics. Of its kind it is both 
excellent and unique 
review of those aspects of measure theory 
and its applications which in the last ten 
or fifteen years have come to be regarded 
is fundamental io scholarly treatments of 
the statistical problems embraced by the 
term “nonparametric methods.” This re- 
theory 
and style for the book 
clear that the intended audience are thos« 
who have done or 


advanced work in mathematical statistics 


most useful in teaching students suited to 
this approach and level of attack. The 
presentation avoids needless abstraction or 
complexity, and it is distinguished by its level Th 
clarity. On the other hand, the reviewer that in a book pointed toward a specia 
believes that the book does not furnish all field in statistics this notion should not 


measure theory, matric 


3 


algebra or group theory which might be 
required to read the book with clear un 
derstanding if one had had no previous 
acquaintance with the concepts 

The man in applied statistics who seeks 
a handbook of techniques will not find it 
in this book: the emphasis is not so much 
It begins with a « v , 
on the “solutions” to nonparametric prob 
lems as on the nature of them. Indeed, 
specific techniques are to be found al 
most entirely in the Problems for Solu 
tion at the end of the chapters, and they 
rarely receive detailed discussion in them 


selves. However, much valuable material 
sets the outlook 


is contained in these problems and can 
as a whole; it is 


not be regarded as mere exercise. The re 

viewer feels that this treatment has been 

capable of doing : 
carried too far in some cases For in 


stance, the Wilcoxen test receives a mini 


The first two chapters in the book—a mum of attention, and there is no men 
little less than half the material presented 
are a concise theoretical treatment of 
basic concepts in statistics and would be ciation. These and other tests 


tion of the theory of runs as such nor of 


the Tukey-Olmstead corner-test for asso 

t ire in 
themselves applications in a book which 
sets out to formulate concepts and prove 
the consequences of them on the general 
reviewers only criticism i 


< 
] 
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have been carried quite so far 


section briefs 


ALBANY On Mar IS Dr Theodore Brown, Harvard 
Graduate School of Business Administration, addressed th: 
section on ‘‘ The use of statistical techniques in certain prob 
lems of market research.’’ Walter A. Ruderfer, marketing 
research specialist of the G. E. Company of Waterford, was 
moderator for the problem session 

The annual June pieniec committee is being selected. The 
time and place for the pienie will be announced at a later 
date 


ALBUQUERQUE At the Mar. 10 meeting, Dr. Paul 8 
Olmstead, consulting analyst on major military projects for 
the sell Telephone Laboratories, discussed the application 
of quality control principles to problems encountered in engi 
neering research and development work. Especially stressed 
were the peculiarities inherent in R & D data 


ALLENTOWN-BETHLEHEM ‘Stopping rules for con 
tinuous sampling’’ was the title of Dr. R. B. Murphy’s talk 
given to the section at the March meeting. Dr. Murphy 
quality results engineer at the Bell Telephone Laboratories, 
discussed procedures for ealculating the critical points where 
inspection stops and action must be taken for several eco 
” nomic criteria 
After a delicious meal in Walp’s Sigma Room, diplomas 
were given to those individuals completing the ‘‘ Introduction 
to quality control course eo 


BALTIMORE An excellent crowd of membérs and guests 
attended the Mar. 11 meeting which featured ‘‘ Project engi 
neering and quality control’’ presented by Norman C. Krause, 
assistant for inspection, office of quality assurance, Army 
Chemieal Center, Edgewood, Md. An interesting picture was 
given by their integrated program of engineering for new 
projects involving the cooperative efforts of design, develop 
ment, product, and QC engineers. A fine social hour with 


60 


refreshments, an invaluable fen 
the meeting 

Officers for the 1958-59 vear 
dinner meeting 


BATTLE CREEK-KALAMAZOO 
tive quality eontrol program that 
meeting held at the 
gan Universitv, Kalamazoo 
as Harmon Baver \ 


was presented and was 


BINGHAMTON The Mav 2 
installation of the newl t 

seASOI 

BUFFALO ‘*‘Whvy management would maintain or 
increase the qualitv control function in a re« m’’ was the 
subject of a panel diseussion held Mar University 
of Buffalo. Panel participants were V. Shelburne, R. 8. Bing 
ham, Jr., F. J. Davenport, and A. J. Kukla 


BUZZARDS BAY Osear H. Bishop, QC manager of the 
Foil Division of the Reynolds Metals (o., Louisville, Ky., 
was guest speaker at the Mar. 11 meeting. He gave an illus 
trated talk on ‘‘ Quality control in the production of alumi 
num foil.’ Kenneth Bennet presided at the informativ: 
session A slate of ofticers to be elected for the coming Senso 
was presented They ineluded Hans E. Pieard, Aerovox 
Corp., chairman; John E. Ruggles, New Bedford Textile Co., 
viee chairman; Mrs. Elizabeth Counsell, Cameo Curtains, I 
secretary; and Mrs. Geraldine Habicht, U. 8S. Navy Central 
Torpedo Offiee in Newport, treasurer 


CHARLESTON The section is very prous 


of education in the field of SQC, Shortly after 
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AND APPLIED 
STATISTICS 
ABSTRACTS 
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Selections from 400 journals 
in sturdy loose-leaf binder. 


YOU receive, in 12 issues an- 
nually approximately 1200 loose- 
leaf pages containing new informa- 
tion (as distinct from review 
articles and popular expositions) 
from all over the world in the fields 
of: 

Statistical Process Control 


Sampling Principles and Plans 


Management of Quality Control 
and Reliability 


Mathematical Statistics and 
Probability Theory 


Managerial Applications (Opera- 
tions Research and Industrial 
Engineering Methodology) 


Instrumentation and Automation 
for Quality Control and 
Reliability 


The abstracts show fully the 
significant contribution of each 
article. Many tables and graphs 
are reproduced in full. Each 
article is coded for convenience in 
filing. An annual index is provided. 


EDITORS of the Abstract Service are: 

Rozert S. TitTcHEN, Operations Ana- 
lyst, Division of Defense Labora 
tories, MIT (Navy Department 
Washington, D. C.) 

ArnoLtp J. RosENTHAL, Senior Re- 
search Chemist, Celanese Corpora 
tion, Summit, New Jersey 

Bruce Bo.t_erMAN, Director of Quality 
Control, Electronic Tube Coil Com- 
pany, Orange, New Jersey 

FRANK Nistico, Supervisor of Evalu 
ation Engineering, General Electric 
Company, Cincinnati, Ohio 


They are supported by an 
Advisory Board: 

Mitton Terry, Bell Telephone Labor 
atories 
GrRaNt WERNIMONT, Eastman Kodak 
Company. 
Subscription Price sixty dollars per 

year. 


Send for FREE 
SAMPLE ABSTRACTS Today! 
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77 SERIES—awvailable from ‘4" to 2 


Range up to 2” 


at new low prices 


Lufkin now provides the most complete line of radius 
gages . . . with a range of measurement from |;;’’ up to 
2”. And at new low prices that make these gages a better 
value than ever before. 

This design, pioneered by Lufkin, is preferred by tool- 
makers, diemakers, patternmakers and all others who 
make precision measurements. Each gage is a separate 
unit with five different gaging applications for concave 
and convex radii. Smooth, accurately machined gaging 
surfaces are polished and the faces are clearly marked as 
to size. Sets are packaged in durable red vinyl cases. 

See your distributor about a set of Lufkin radius gages 

. the most complete range of sizes on the market. For 
new and improved design of all your precision 
tools, be sure to ask for Lufkin. 


hat 
Always buy from your distributor Cue 
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THE VU PAIN RL E COMPANY 


SAGINAW MICH + MIDOLETOWN. WY + Gane. OWT 








University of Michigan 


The University of Michigan has scheduled its elev- 
enth annual ten-day intensive course in quality control 
by statistical methods for Aug. 18-28, on the campus 
in Ann Arbor. This is a first course for executives and 
supervisory personnel; it is practical and mathemat- 
ically non-technical. It includes the standard control 
charts and sampling acceptance plans together with 
other basic techniques. 

Instruction includes lectures, demonstrations, prac- 
tice sessions and conferences. The staff will include 
Professors P. C. Clifford of Montclair State Teachers 
College, F. C. Leone of the Case Institute of Technol- 
ogy, E. G. Olds of the Carnegie Institute of Technology, 
and C. C. Craig of the University of Michigan. The fee 
will be $125. 

Please address inquiries to the course director, Prof 
C. C. Craig, 106 Rackham Building, Ann Arbor, Mich. 











in 1957, the section sponsored a eourse in basic statistics 
which was attended by about 70 members and non-members 
On Mar. 5-7 about 31 members, mostly from the section, 
enjoved Dr. Stuart Hunter’s instructions on the Box course 
and at present there are 37 taking a basie course and 26 
taking a course in statistical methods for industrial appli 
eation 


CHICAGO Featured at the Mar. 11 meeting of the Calu 
met sub-group was W. C. Tancig of the Standard Oil Co. His 
topic was ‘*Graphical statisties,’’ 

Thomas Caywood of Caywood-Schiller Associates addressed 
the section on Mar. 19 presenting a survey of operations 
research techniques. Among the approaches discussed were 
the queueing theory, the inventory control method, linear 
programming, the distribution (travelling salesman) tech 
nique, and simulation techniques 

The former Fox Valley sub-group has attained full section 
status under the name of the St. Charles section. To th 
new section, starting out under the leadership of Stephen T 
White, go our best wishes for continuing growth and success 


CINCINNATI At the March meeting, Arthur Bender, Jr 
gave a well received talk on Kwick-C, his verv graphical 
method of using probability paper to illustrate a distribution 

Seventy-five people were present Mar. 20 at the Lexington 
Signal Depot Officers Club when the chairman and treasurer 
of the section and the chairman of the Hamilton-Middletown 
section assisted Society president Leon Bass in the presenta 
tion of the charter to the ‘Lexington section. The section also 
presented an inscribed gavel to the Lexington section. 

At the May 21 meeting G. G. Parkin, Minnesota Mining 
and Mfg. Co., will speak on ‘‘ Tests of significance in indus 
trial processing ve 

Plans are firmed up for the June dinner dance to be held 
June 13 at the Greenhills Country Club. This gala affair will 
be a joint social meeting with the Hamilton-Middetown se« 
tion. Both sections will install their newly-elected officers 
during the course of the evening. 

COLUMBUS . The section will hold its annual officer’s 
business meeting on June 11 at the Southern Hotel. Order 
of business for this meeting will be officer's reports, commit 
tee reports, and the 1958-59 program report. 

CORNING-ELMIRA ... The March meeting was highlighted 
by Cuyvler J. Hawkes of Eastman Kodak who spoke on ‘‘ At 
tribute sampling of parts from continuous production lines.’’ 

The June meeing will be some form of social get-together 
for members and their families. The probable date is June 14 


CUMBERLAND ... Frank W. Kroll, Jr. of Esso Standard 
Oil Co. addressed the section on Mar. 6. His discussion, ‘‘ Ef 
fective quality control program for the industrial control 
laboratory,’’ was a description and critique of the QC pro 
gram which has been successfully carried out for three years 
at the Bayway Refinery. 

DALLAS-FORT WORTH On Mar. 13 Jack Gant, QC 
engineer supervisor, Jet Engine Dept., General Eleetrie x 

presented several practical applications of SQC in a true job 
shop (run size-l unit). 

The 3rd annual QC symposium was held at TCU on Mar 
15. The tremendous turnout of about 300 was adequate evi 
dence the planning committee did a splendid job in procuring 
top notch men in the field of QC and presenting a varied 
and stimulating program. The prominent guest speakers in 


eluded Simon Collier, David Hill, John Holland, Winthrop 
Spencer, James Coburn, Dan Devine, and Jack Gant (ably 
substituting for Leon Bass). 


EVANSVILLE-OWENSBORO... W. C. Vissing of the Fli 
Lilly Co. was the speaker at the Mar. 18 dinner meeting held 
at the Shady Rest Restaurant, Owensboro. Mr. Vissing’s sub 
ject was ‘‘Statistical methods in sorting operations.’’ 

The anual ladies night dinner will be held at the Hotel 
Soaper in Henderson, Ky. on May 20. The new officers will 
be installed at this meeting. 


GREATER MUSKEGON .... Forty-three members and guests 
thoroughly enjoyed a family style shrimp dinner at the Mona 
Lake Boating Club on Mar. 13. A panel discussion on ‘‘ Qual 
ity control in industry’’ proved to be most interesting. The 
panelists were Henry Elliott of Continental Motors, Rudolph 
Arndt of Anaconda Copper, and William Henkel of General 
Electric. Al Lindberg of Brunswick-Balke acted as moderator 

Due to the type of programs on the section’s agenda for 
April and May, the annual election of officers was held at 
the regular monthly meeting in March. Officers elected in 
eluded: chairman Merrill S. Bailey, Anaconda Wire & Cable 
Co.: viee chairman Lawrence P. Long, Army Ordnance 
CMC); seeretary R. L. Porter, Muskegon Piston Ring Co.; 
and treasurer Basil B. Smith, Michigan Spring Co. 


HAMILTON ... Henry J. Becker, Society vice president, 
presented his paper ‘‘Quality control in the steel industry’’ 
at the Mar. 13 meeting. The large attendance of members 
and guests brought along many problems which were capably 
dealt with by Mr. Becker 


HAMILTON-MIDDLETOWN Ellsworth Sims, general 
manager of the Estate Division of the Whirlpool Corp., pre 
sented an interesting and informative talk on ‘* Whirlpool 
and QC.’’ An excellent dinner was enjoyed by courtesy of 
the Whirlpool Corp. 

The annual dinner dance will be held June 15 at the Green 

hills Country Club. Preliminary plans indicate that the 1958 
dinner dance wil be a gala affair furnishing a good time for 
all. 
HARRISBURG . On Mar. 5 a Ladies Night meeting was 
held at the Laneaster Conestoga Country Club. J. William 
Frey, chairman of the German Department of Franklin & 
Marshall College, was the speaker. The meeting was highly 
suecessful and Dr. Frev an entertaining and verv interesting 
speaker 

Harvey ’s Smorgasbord in York was the site for our Apr. 2 
meeting. One of our favorite speakers was present. Dr 
Ellis R. Ott spoke on the subject of ‘‘Some industrial ex 
periments—case histories.’’ This meeting was our annual 


‘*bring the boss’’ night. 
HARTFORD ... James Dolby gave a verv interesting talk 


on market forecasting through the use of control charts. He 
also informed his large audience of the techniques used by 
different branches of his organization in informing manage 
ment daily of product defect status. A lengthy discussion on 
statistical methods of reporting followed 


KANSAS CITY ... The March meeting featured Dr. Paul 8 
Olmstead of Bell Telephone Laboratories who spoke on ‘‘ Phil 
osophical implications of 8SQC.’’ Dr. Olmstead is a Fellow of 
the Society and has served as lecturer on engineering statis 
tics for the Stevens Institute of Technology and has been a 
consultant on QC for Princeton Universty. 

The regular 7:30 dinner was preceded by a products exhibit 
of the Wilco Electric Co. Various electronic communications 
components were displayed. 


LANSDALE On the night of Mar. 13 the section was 
honored to have Dr. Ellis Ott of Rutgers University as the 
last official speaker of the current season. Dr. Ott’s talk 
concerned Indian industry and quality control on which he 
is an expert, having made two trips to the land of Buddha 
He returned from his last trip two months ago. His last visit 
to India under the UN’s technical assistance program was 
concerned with the teaching of advanced techniques of the 
quality control program his group established in 1954. After 
his talk and the showing of his slides, the section agreed 
that Lowell Thomas couldn’t have done better. 


LIMA ... At the Mar. 12 dinner meeting, the section electe 
Martin Medow, quality control representative for Ford Mo 
tor Co. with the Ex-Cell-O Corp., as chairman for the 1958-5% 
season. Mr. Medow, along with vice chairman Stephen J. 
Kadar of Lima Ford Engine Plant, treasurer Clair Zimmer 
man of Superior Tube Co., and secretary Paul Caruso of 
Lima Ford Engine Plant, will be installed at the May meeting 

The guest speaker for the evening was William Barker, 
quality engineer of General Electric’s Evendale plant in 
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New Departure instrument Bear- 
ings are available in a wide range 
of types and sizes, including the 
extremely small miniature beor- 
ings of ¥%” diameter and smaller. 





Super- 
Cieanliness 
for Quality 
Control 


—— 
‘ 


Torque testing instrument bearings in a 
“super-clean” area behind sterile shield. 


New Departure ball bearings for highly sensitive instru- 
ments are so small . . . so super-precise . . . the tiniest 
speck of dust can adversely affect their performance. 
That’s why extreme cleanliness governs throughout the 
assembly of every bearing . . . an important phase of 
continuous quality control. 


Such work is carried out in individual cabinets for each 
operation. Filtered, electronically cleaned air fed to 
each cabinet, flows outward to prevent the entrance 
of air-borne contaminants. In addition, the rooms in 
which the operations are performed are supplied with 
cleaned air that is pressurized to prevent inward 
flow at any entrance point. 


Catalog sent upon request 
1908-19058 
Ny 
oS : 
One “super-clean” area where vari- coawand raoe Firty 
ous inspection and assembly oper- 


ations are performed under conditions 
bordering on surgical cleanliness. 
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Rochester Institute of Technology 


The 15th annual Rochester Institute of Technology 
“Quality Control for the Chemical Industries” course 
will be held from June 23 to July 2. The course will 
offer two new features this year. 

Following the daily program consisting of a series of 
conferences, lectures, and laboratory periods, informal 
evening seminars will be held which will offer an 
opportunity for the discussion of student’s individual 
problems. 

It is anticipated that this year’s course will have one 
of the largest enrollments ever. In the past, over 100 
national organizations have enrolled employees in the 
course which is devoted exclusively to the control 
problems of the chemical and process type industries 

For further information contact 

Robert D. Pease 
Associate Director 
Rochester Institute of Technology 
65 Plymouth Avenue South 
Rochester 8, N. Y 











Cincinnati. His topie was ‘‘ Quality control what does 
it mean to vou’?’’ Mr. Barker is chairman of the Cincinnati 


section 


LOS ANGELES The panel discussions by Dr. Alexander 
He lhivreff and R H Ande rson under the guidance of moder 
itor Kenton R. Whilhite, enlightened ‘‘SQC techniques in 
the management field.’’ 


LOUISVILLE At the Mar. 10 meeting held at General 
Eleetric Appliance Park, the nominating committee reported 
the nominees for the 1958-59 officers and nominations were 
accepted from the floor. A short educational capsule on ‘* The 
control of variances in cigarette weights’’ was presented 
prior to the presentation ‘‘ Statistical quality control applica 
tions for fabricating steel’’ by Guy Campbell of General 
Motors, Ternstedt Division. Refreshments were served fol 


he meeting 
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MEMPHIS Dr. Paul Olmstead, statistical engineering 
consultant with Bell Telephone Laboratories and a member 
of the board of directors of the Society, addressed the Mar. 
21 meeting on ‘‘SQC in engineering research and devel 
opment.’’ 

At the June 6 meeting John James, quality control manager 
of Flexonies Corp., will speak on ‘‘ Classification of defects.’’ 


METROPOLITAN ... On Mar. 25 the section held one of its 
most outstanding meetings of the year. The meeting was held 
at the United Nations Building in New York and was spon 
sored jointly by ASA. Dr. William R. Leonard, chief of sta 
tistical services for the UN and president of ASA, did an 
exceptionally good job handling arrangements at the UN 

We had 145 people attending a tour of the UN Building 
and 181 attending a very fine dinner in the UN Cafeteria. 
The ‘*‘ piece-de-resistance’’ was the meeting itself. Over 200 
people, including many wives of those attending the dinner, 
attended the interesting discussion held by a group of dis 
tinguished QC experts. The panel consisted of Prof. Paul C 
Clifford, Dr. W. Edwards Deming, Dr. Joseph M. Juran, and 
Dr. Ellis R. Ott, with Dr. Samuel S. Wilks as moderator; 
certainly an all-star cast. Each speaker talked about the 
applieations and problems of QC in the countries they visited 
including Sweden, Denmark, Germany, Japan, Australia, and 
India. The meeting closed with very interesting slides taken 
by Dr. Ott while he was in India 


MID-HUDSON Fifty-three members and guests were 
present for the March dinner meeting at the Anchor Inn in 
Poughkeepsie to hear Joseph T. Rowinski of IBM speak 
on ‘* Vendor quality rating.’’ 

Ifficers for the 1958-59 season were elected. They are chair 
man Frank J. Sindelar, first vice chairman William M. Cran 
son, second viee chairman Gerald H. Overbagh, treasurer 
William A. Beneshan, and secretary Casper J. Rose 

The last meeting of the season will be a social evening 
to be held June 3 at Germania Hall, Poughkeepsie. 


MILWAUKEE ... The 5th annual all-day clinie was held 
it the Wisconsin Hotel on Mar. 14 and was a resounding 
success. Twelve sessions—devoted to a variety of subjects 
from brewing to foundry—were fully attended and promoted 
much favorable comment. W. C. Brice, works manager of 
International Harvester Co., gave an emphatic send off with 
his keynote sp. ech on the expanding role of the QC engineer 
in industry. Dr. George Parkinson, vice provost of the Uni 
versity of Wisconsin-Milwaukee, added a serious note at the 
uncheon with his remarks on ‘‘Edueation for survival.’’ 
Much eredit can be given to George Craycraft, general chair 
man of the clinic, for a job well done. 


MINNESOTA . The student union at the University of 
Minnesota was the scene of the March meeting. George L. 
Collier of Pratt and Whitney spoke on gaging. His talk was 
illustrated with a movie supplied by P & W. 


MONTREAL... F. X. Donohue of the Nestle Co. gave a 
very interesting talk on ‘‘ Quality control applications in the 
food industry.’’ 

The feature of the May meeting was Kenneth G. Cook’s 
talk on ‘* Vendor-vendee problems in the metal industry.’’ 
Mr. Cook is with Thomas & Betts Co., Ine. 

On June 4 the Reverend Father McShane will talk on 
‘* Adult edueation’’ at the annual dinner meeting to be held 
at the Queen’s Hotel at 6 p.m. 

The Kingston-Brockville sub-section announced the ap 
pointment of the following officers: Peter F. Wade of the 
Aluminum Co., chairman; V. J. Eastcott of the DuPont Co., 
vice chairman; and James Martin of the Locomotive Works, 
secretary. 

NEW HAVEN ... On Mar. 11 R. J. D. Gillies spoke on 
‘*Operations research techniques in protection’’ at a dinner 
meeting held at the Savoy Restaurant in Hamden. 


OMAHA-LINCOLN Eighteen members of the section 
met Mar. 6 at Marchio’s in Omaho to hear Glenn C. Weinhart 
explain and demonstrate the use of the calculator in QC and 
engineering statistics. 

PHILADELPHIA . The meeting scheduled for Mar. 20 
on ‘‘ Preventive maintenance theory’’ was cancelled because 
of the snowstorm that welcomed spring in Philadelphia with 
30 inehes cf snow. To be sure, it was an extreme deviation 
from normal. 


ROCHESTER... The section and its sub-groups heve been 
fortunate indeed recently to have had such lecturers as: 
David A. Frost, who asked ‘‘ How certain are we to find the 
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QUALITY MOTIVATION begins with YOU! 


Sure, you know Quality is a must for any company in 
today’s market. Yes, and you believe job security has its 
grass roots in the whole quality picture. But how about 
your employees? Do they share your beliefs and en- 
thusiasm? How are you going about the job of con- 
vincing them that quality workmanship is important, that 
they, too, have a big stake in turning out a better product 
with less waste? 

The Elliott Hi-Vision Program is designed to give you 
complete plant coverage in Quality Motivation. Here is a 
low-cost, proven way of amplifying your personal efforts 
at the critical work level. The cumulative effect of 
reaching more people, more often, with greater impact, 
will be reflected in a new quality atmosphere. 

Elliott Hi-Vision penetrates distracting influences and 
provides effective daily recall by: 


e EXPOSING your quality problems. 

e DEFINING your quality goals. 

e EMPHASIZING employee responsibility. 
e ENCOURAGING quality participation. 


MAY, 1958 


Why not take a careful look at what other ASQC mem- 
bers are successfully using to stimulate greater employee 
cooperation? Colorful samples of Elliott Hi-Vision are 
yours without obligation. Simply fill out and return the 
coupon. 


ELLIOTT SERVICE COMPANY, INC. MOUNT VERNON, W. Y. 


ELLIOTT SERVICE COMPANY, INC. 
Department 85, Mount Vernon, N. Y. 


Please provide me, without obligation, further 
mation and multi-color samples of your Hi-Visior 
Quality Program 


Name 
Firm 


Address 





fly in the ointment?’’; Edward A. Dubiel on ‘‘ Container 
specifications and vendor certification;’’ R. C. Derbyshire, 
who discussed ‘‘ Automatic gaging’’ with illustrations; Maj. | 
Gen. Leslie E. Simon (had a bout with the flu and Charles A 
Bicking pinch-hit for him) on ‘‘ Further observations on initi 
ating a quality control group in an existing organization.’’ 


City of Rochester. N.P 
Orrick oF THE Mavor 


Peres Baaey 
=sroe 


PROCLAMATI 





WHEREAS, on February 16, 1956, the Rochester Society 
Sontrol, a Section of the American Society for Quality 
hold its Fourteenth Annual Quality Contr > lini 


WHEREAS, attracting more than 
lia i be attended by representatives 
Binghaston, Corning, Cleveland, Boston, Tor 
among other cities; 


WHEREAS, Quality Control has become 
tance as an industrial function with its aid 
of industrial endeavor 


sognizance be 
a highly skilled 
ester made means 
for many years 

cts supplied to 


it is fitting ana proper 
important occasio } 
industrial center such as RF 
Quality” has been « slogan and 
as witnessed by the many and di 
America and the world; 


NOW, THEREFORE, I, Peter Barry, Mayor of the City 
do hereby procilais the week beginning February 16, 

QUALITY CONTROL WEEK IN ROCHESTER’, and urge u 
labor, and the itisens of this mmunity to 

yeervance and celebretion of this important event. 


I 
A DFu. -—2 
Barry 


hester, New Y 


The Mayor of Rochester saw fit to proclaim the week be 
ginning Feb. 16 as ‘*‘Quality Control Week in Rochester.’’ 
The official roclamation is reproduced above 


SAN ANTONIO The Mar. 11 meeting was held at the 
Hilton Hote Prior to the start of the meeting, a cocktail 
party and social session was enjoved by a Paul E. Allen, 
QC and omer service manager at Beech Aircraft Corp., 
addressed the group on ‘‘Quality control at Beech A/C.’’ 
Color slides of the Beech plant products and QC methods 
were pres nted with his paper which was most informative 
to all 
During the third annual QC symposium held at TCU on 
Mar ID and sponsored by the Dallas-Fort Worth section, 
i special meeting of the program chairmen of several sections 
was held. Present were D. B. Tallon of the Dallas-Fort Worth 
ection, B. M. Appleman of the South Texas section, I. R 
of the Waco section, and R. W. Worrick of the San 
© section. The purpose of this meeting was to select 
speakers for the 1958-59 programs for each of the 
This meeting, the first of its tvpe, was originate 
by Mr. Tallon. It was a huge suecess and two-thirds of the 
program plans are now formalized. A meeting of this typ: 
may be the start of a new idea for other sections to follow 


SAN FRANCISCO BAY AREA Chairman Walter Hurd 


recently presented a $750 check from the section to Prof 


Grant Ireson, executive head of the Industrial Engineering 
Department of Stanford University rhe money is to be used 
by Stanford as a tuition scholarship grant to a graduate stu 
dent majoring in SQC in the Industrial Engineering De 
partment 

The creation of the Hawaii sub-section has been announced 
Carl Farden of the Pineapple Research Institute heads up 
the Hawaii group. Stanley Narikawa of Pearl Harbor Naval 
Shipvards is secretary-treasurer There are 24 members of 
the group from a wide variety of industries 

The Hawaii sub-section weleomes all in the inspection 
testing, or quality control fields who are actively interested 
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SPEAKER 


Ralph E. Kuehn, IBM Corp 


SUBJECT 


Reliability as it Applies to Quality Control 


SECTION 


Binghamton 


Vestal American Legion Post 89 


Skeiskie, Loblaw, Inc 
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Stanley 


Quality Control Problems in the Food Industry 
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BACKGROUND: BOULDER DAM'S 


Take 10 Minutes To Test The Boldest Advances In 50 Years — 


YOWLL NEVER WANT TO TURN BACK! 


Right from the start you know you’re 
entering an exciting new driving age 
sparked by engineering’s hottest ideas! 
You’ve never known handling like this— 
the curves slip by with straightaway ease. 
There’s never been a ride like it, so smooth 
DIVISION ° 


PONTIAC MOTOR 


bIG 
BOLD 


MAY, 1958 


it reduces dive, sway and bounce to a 
memory. And, with all this, there’s the 
razor-sharp alertness of a totally new 
engine—Pontiac’s Tempest 395 V-8. Try 
it—just once—at your Pontiac dealer’s. 
You'll want to go steady for good! 

CORPORATION 


GENERAL MOTORS 


WINGED FIGURES OF THE REPUBLIC 


4 SERIES-FROM THE LOW 
EST-PRICE FIELD TO THE 
ULTIMATE IN LUXURY 


Chieftain 
ind the breath-taking Bonneville 


¢ Super Chief ¢ Star Chief 


Every Window of Every Pontiac is 
Safety Plate Glass Light the Way 


to Safety Aim Your Headlights 


PONTIAC 








CHEMICAL DIVISION NEWS 


The last of three Response Surface Methodology 
Courses will be given in Chicago on June 11-13 
For details, contact H. P. Andrews, Swift & Co., 
U. S. Yards, Chicago, Ill. Successful courses were 
offered at Charlston, W. Va., and Buffalo, N. Y 
earlier 

N. C. Hodge (Great Lakes Carbon Corp.), gen- 
eral chairman for the Second Conference of the 
Division to be held in Buffalo, N. Y. on Oct. 2-3, 
announced that all committees are staffed and 





the program is 90 percent complete 








in taking part in montl meetings and in sponsoring SQ 
dueation in Hawaii 
r with Dr. Harold Roberts 


The Hawaii sub-section is workir 
f the University of Hawaii to arrange for an outstanding 
suthority in the SQC field to spend the latter part of the 
ear in Honolulu. It is intended to offer evening courses 
or people who are working in the quality control field and 
make available consulting time for those eompanies ac 


elv sponsoring the courss 


SCRANTON-WILKES-BARRE One hundred and fifty 
jualitv eontrol experts and their wives, representing major 
ndustries in Pennsvivania and New York, attended a joint 
ndustrial eclinie at the YWCA Building in Seranton on Mar 
| The day-long program was arranged by the section with 
Allentown-Bethk 
hem, Binghamton, Svracuse, and Corning-Elmira sections 


the cooperation of the Danville-Sunbury, 


‘‘omments by evervone attending rated the elinie as mus 
suecessful Chairman of the elinie was Robert Zingerman 
of the Seranton-Wilkes-Barre section 
Plans are to begin verv shortly for the continuation of this 
joint industrial clinie of the six sponsoring sections. It will 
he held next vear at the Danville-Sunbury area with perhaps 
mother in the Svracuse area. It was felt by the joint indus 
trial committee that two programs a vear was necessary be 
cause of the growth and interest shown over the past few 
(\lso, this would give participating sections much bet 
ease in handling the program, transportation, new m« 
bership, 1 further iners in new ideas by rotating 


joint elini to various secth of the eountr’ 

SEATTLE rank quire director of quality control 
for Topp Industries o os Angeles, was guest speaker at the 
March meeting Mir quires presente: i verv informative 


talk on Budge and qualit eontrol 


SOUTH TEXAS... The section, co-sponsored by the Texas 
Manufacturers Association, held its annual management night 
meeting on Mar. 12 at the Houston Club. August ©. Esen 
wein, vice president and division manager of Convair Divi 
sion, General Dynamics Corp., delivered a pointed messag: 
from management on ‘‘ What top management expects fron 
QU and what QC can do for top management.’’ He empl: 
sized the importance of reporting findings in plain languag: 
devoid of mathematical terminology. Society president leo 
Bass, scheduled to deliver an address on ‘‘The nature 
quality control,’’ was unable to attend. His talk was pr 
sented by his assistant, Mr. Gant. Attendance at this meeting 
was unusual, as the ratio of management guests to members 
present exceeded one. 


SOUTHERN CONNECTICUT. Members and guests ha 
an enjovable and educational evening the night of Mar. 12. A 
panel on quality control problems was held ‘he problems 
diseussed were highly interesting as evidenced by the aud 
enee participation in the problems being resolved. John Sig 
man. R. T. Vanderbilt Co., filled in for A. Henrv Morgan as 

panel member as Henry was taken ill. M. Guy Boyd, J 
did a terrific job as moderator as he kept the 
active and interesting. Grover Baldwin did h isual 
job regarding QC and its problems 


TOLEDO. ‘Automation in action’’ was 
he March meeting. A tour through the Chevro 
Transmission plant, Alexis Road, was attende 
mately 80 members and guests. Automation pro 
fertile field for SQC in obtaining desirable qui 
minimum costs, 

‘*Behind the seene’’ activity will take pla 
nonth of June with the appointment of committ 
men and the laying of ground work for the 195 


progran 


TORONTO... The fifth annual all-day QC forum of Mar. 8 
organized by the section, was a great success. The atten 
ance of both the lectures and the banquet was bevond exy« 
All proces edings were sold at the end of the da 
Guest speaker at the banquet was R. W. Todgham, president 
of Chrysler Corporation of Canada, Ltd, His subjeet—** Qua 
tv, the Vital Link’’—was received very well by an enth 
siastic audience that went home with much food for thought 
On Mar. 19 a suecessful dinner meeting was held. Apart 
om the section, the participants were: Guild of Account 
Internal Auditors’ Institute, Methods Time Measur: 
\ssociation, Operations Research Society of Toronto 
ind the Svstems and Procedures Association. The subj 


tations 


‘Automation and industry’s obligation to man’’ was ably 
eovered by Dr. Solomon Barkin, director of research, Text 
Workers f ion of Amerien 





TORONTO FIFTH ANNUAL QUALITY CONTROL FORUM 


R. W. Todgham aldressed the group during the banquet at the forum. Shown above (left to 
Dow Chemical Corp.; 
Mike J. O'Callaghan, section chairman; Mr. Todgham; and Bill Foskett 


right) are: Allin P. Deacon, Deacon & Associates; Dr. Brant Bonner 


forum committee 


68 


R. J. D. Gillies, founding member of the 
Toronto section, is shown as he acted as 
moderator during the section's recent QC 
forum 


chairman of the 
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Rohr-produced power pod 
strut fairing of laminated skin 
doubler bonded construction 


oe : 


— 
J 
. 


Section of the Rohr 
Engineering Department 


High-pressure autoclaves 
serviced by altomatic loader 


ROHR LEADS 
IN METAL BONDING 


A high degree of engineering, tooling and 
production experience and knowledge 

are at work on the years-ahead 

metal bonding program at Roh 
Production lines are currently 

assembling bonded 

components into complete, 

ready-to-install structural 

assemblies such as stabilizers, 

strut fairings and control tabs... all 
produced under rigid customer 
specifications. Reliability and economy 

of manufacture are assured through highly 
effective quality control. Rohr Design 
Engineers are available to you for complete 
production design of components to your 
requirements, utilizing the most economical 


and reliable production bonding methods 





TUCSON Sixty-members and guests attended the April 
meeting which featured a panel discussion concerning cost 
aspects and management policies of using modern quality 
control techniques. Participants were P. J. Mallon, C. B. Spi 
teri, and R. O. Sprague of the Hughes Aircraft Company 
staff, with G. A. Weinshenker serving as moderator. Numer 
ous challenging questions from the floor indicated member 
ship interest. Among the guests was C. R. Reding, manager 
of the Phoenix office of the Sheffield Co Mr. Reding was 
introduced by Jim Fielden of the Hughes Aircraft Company 
mechanical standards laboratory and presented two films on 
air gaging and a standards lab’s activities. 


WINDSOR On Mar. 19 the section enjoyed a lecture on 
‘* Basie principles of statistical quality control’’ by John B. 
Pringle of the Bell Telephone Company of Canada. Many 
interesting demonstrations were given which were highly ap 
preciated by section members and guests 

The Windsor section has elected the following officers for 
the coming year: chairman James MeMillan. vice chairmar 
Roy W. MacKay, secretary Russell C. Beemer, and treasurer 
George M. Smit! 





SIGNIFICANT DIFFERENCES 








Charleston—Ed Lail, one of the organizers of the section 
ind its present vice chairman, has been transferred bv the 
{ and P Telephone Company to New York. Charleston’s loss 
s New York’s gain and Ed will be missed in his work for 
the section. The executive committee appointed Bob Remke 
to fill the unexpired term of vice chairman 

Cineinnati—The section is again honored to have the Dis 
trict Eight National Director elected from its roster. H. D 
Birch has been selected 

Cumberland—-Lear T. Powell has been promoted to the 
position of supervisor of the SQC department of the Pitts 
burgh Plate Glass Company’s new glass fiber plant, Works 
#50, at Shelbyville, Ind. Mr. Powell was formerly the assist 
ant to the quality control supervisor at Works #7 in Cum 
berland 

Dallas-Fort Worth—R. A. Glover of Tempco Aircraft. 
Dallas, was recently elected vice president of the North Texas 
chapter of ASA 

Dr. Paul Minton, SMU, was elected president of ASA. 


... Evansville-Owensboro—Fifty-one people have enrolled in 
the first basic course in quality control offered by the section 
The first session was held Feb. 26 at Central High School 
with Ed Shafer as the instructor. 


... Harrisburg—In an effort to spur the enrollment of mem 
bers, the section has added an incentive program. For one 
new member a member can enlist, a free dinner at one of our 
meetings is offered. For two new members, an ASQC tie bar 
is being offered. Since this program is in its infaney, no 
results are tabulated at this date. 


Hartford—Stanley F. Straska has been promoted from 
quality control engineer to supervisor of inspection for the 
Roval McBee Corp 


; Los Angeles—Gardner L. Mason, formerly director 
quality control for the Turbo Division of American Machine 
and Foundry Co., Pacoima, has been appointed as quality con 
trol manager of Waste King Corporation’s Technical Prod 
ucts Division in Los Angeles. 

‘ New Haven—Jack Gillies has been appointed opera 
tional analysis and control engineer of the Marketing R: 
search Department, Winchester-Western Division, Olin Mat! 
ieson Chemical Corp. 

. Philadelphia—Stan Hart of Esterbrook Pen did a territ 
job as program chairman for the Mid-Atlantic Conference: 
held in New York during March. Many prominent speakers 
gave papers on various QC subjects 
.. . Rochester—David 8: Greenlaw, formerly assistant dire: 
tor of the color technology division of the Eastman Kodak 
Co., has been appointed assistant technical advisor to the 
Kodak Park Works general manager. 

. Tucson—Fred Ennerson, assisted by Mark Manning, of 
Hughes Aircraft Company conducted a ten-week course in 
‘* Practical statistical quality control’’ after-hours at Hughes 
Aireraft. The course is to be repeated to accommodate the 
more than 300 employees who registered. Only 110 could be 
enrolled for the first presentation. 

Our heartiest congratulations to Dale L. Lobsinger, junior 
past president of ASQC, who was recently honored by United 
Air Lines by being selected as ‘‘Man of the Year’’ from the 
9600 people in United’s Transportation Services Administra 
tion. In addition to the honor, Dale can also look forward 
to a two-week vacation in Hawaii, courtesy of United. 


ot 





Usual Time 


Course is Held Type of Course 


February Basic 


February Basic 


June Basic 


June Advanced 


July Basic 
July Advanced 
August Basic 
August Basic 
August Advanced 
Aug.-Sept Basic 
September Basic 
September Advanced 


September Basic 


October Basic 





List of Short Courses in Quality Control 


Where Held 


University of Illinois, Urbana, II. 
Michigan State, Lansing, Mich. 

April Basic (Graphic Arts) New York University, New York, N. Y 
Marquette University, Milwaukee, Wis. 
Purdue University, Lafayette, Ind I. W. Burr 
June Basic (Chem. Ind.) Rochester Institute of Technology, Rochester, N. Y. R. D. Pease 
TAPPI Statistics Conference 

University of Oklahoma, Norman, Okla 
University of Michigan, Ann Arbor, Mich. 
U.C.L.A., Los Angeles, Calif. 

U.C.L.A., Los Angeles, Calif. 

University of Connecticut, Storrs, Conn. 
Washington University, St. Louis, Mo. 
Rutgers University, New Brunswick, N. J 
University of Mississippi, Oxford, Miss 


State University of Iowa, Iowa City, Iowa 


Course Director 


J. A. Henry 
W. D. Baten 
D. Macaulay 
Gayle McElrath 


M. S. Renner 

R. L. Huntington 
C. C. Craig 
Edward Coleman 
Edward Coleman 
R. M. Story 

D. J. Kaufman 
M. E. Wescott, E. 
Gayle McElrath 
L. A. Knowler 
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DE LAVAL 
COOLANT 
CLARIFIER 


keeps coolants clean... 
finish quality high 











High quality finishing operations depend 


‘ - r 
on one essential ingredient... really clean — eats 
coolant. The most effective - and economi- y - : a. 


cal - way to keep coolants clean is with the 


De Laval Model 115 Coolant Clarifier. a a Sy 
ye ; call -’\ . 
Designed for individual use with grinding, la Sol ee aS 
. . hi: _" _- SAMPLE - 
honing or turning machines, the De Laval -*. + “4 — 
Model 115 Coolant Clarifier purifies coolants = ~.”. cee — 


more thoroughly than any other method. 
Through centrifugal force, the coolant clari- 
fier removes ferrous particles . . . non-ferrous 


metal particles and abrasives missed by mag- 







netic equipment... and small harmful par- 
ticles that pass right through filter material. CLARIFIED 
The un-retouched photomicrographs (285x) SAMPLE 


on the right, give dramatic evidence of the 
Coolant Clarifier’s unsurpassed efficiency. 

De Laval Bulletin No. CC-113 gives com- 
plete details on the Model 115 Coolant Clari- 
fier ...as well as more graphic proof of De 


Laval’s superiority. Write for your copy today! 





De DE LAVAL 


THE DE LAVAL SEPARATOR COMPANY, Poughkeepsie, New York + 427 Randolph St. Chicage 6 « DE LAVAL PACIFIC CO., 201 E Millbrae Ave. Millbrae. Calif 
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AT 


Delco-Remy 


PROGRESSIVE ENGINEERING 
STARTS WITH QUALITY CONTROL 





Delco-Remy product engineers naturally face many complex 
questions, such as: how to determine most efficiently the best 
solution to problems concerning design, cost, manufacture, 


and product performance on the job. 


Modern methods of statistical quality control supply invalu- 
able assistance in answering these questions at Delco-Remy. 
At the origin of the engineering problem, quality control 
engineers first contribute by prescribing scientifically designed 
experimental programs, follow through by assisting in the 
analysis and interpretation of test results. Statistical methods 
are then utilized to control the quality of the product as it 


goes into production. 


This kind of teamwork—beginning in the engineering phase— 
is standard at Delco-Remy where “‘Progressive Engineering 
Makes the Difference” . . . is among the reasons why Delco- 
Remy automotive electrical systems are known favorably 


around the world wherever wheels turn or propellers spin. 


DELCO-REMY, DIVISION OF GENERAL MOTORS, ANDERSON, INDIANA 
é 
, 
¢ 


Remy 


ff FF 
ELECTMICALI SYSTEMS 
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Which has the greater surface area? 


Not the football field! One cubic inch of Davison Silica Gel 
boasts a surface area of about 90,000 square feet ... much 
more than a football field. It’s a high capacity desiccant! 


Davison Silica Gel adsorbs about 45% of its weight of water from saturated 
air. What makes it so vapor “‘thirsty’’? One, its enormous internal surface. 
Two, its millions of tiny pores or capillaries. These attract vapors, condense 
them, Ahold them as liquids. 

That’s why you'll find Davison Silica Gel so efficient in drying air and gas. 
A variety of particle sizes, densities and adsorptive capacities are available. 
Each has been developed to meet specific application demands. There is 
one to suit yours. 


DAVISON 


CHEMICAL COMPANY 


Division of W.R Grace & Co. Wa) 
Baltimore 3, Maryland \P sr) 


\' 











Product Education Service 


These advertisers provide educational information on their products, expand- 
ing the services of your journal, Industrial Quality Control. 

Their support is twofold. First, they place the latest information on product 
development at your finger tips. In addition their purchase of advertising space 
supports your Society and this publication. Continue to advance your Society 
by using their products and services and encourage others to do so. They all 


merit your consideration. 


When writing or talking to advertisers to inquire about their products, always 
remember to say you saw their ad in Industrial Quality Control. 


Aluminum Company of America......1B¢ 
Renee Ca CBie sc csvcccsadeces ll 
American Research & Mig. Corp.......46 
Ansco, Div. of General Aniline and 
Film Corp vormas 
Bell Telephone Laboratories, 
Bristol Laboratories, In 
Comtor Co.... 
Continental Can Co. 
Davison Chemical Co 
Deere & ee eoese 
De Laval Separator Co.. 
Delco Remy Div., GMC. 
Eastman Chemical Products, In 
Eastman Kodak Co. 
Elliott Service Co., In« 
Federal Products Corp 
Ford Motor - 
Freeland Gauge Co 
Gillette Safety Razor Co. 
Houdaille Industries, In¢ 
International Harvester Co 
Interscience Publishers, Inc 
Johns Manville Sales Corp 
Ladish —~ 
Lightning Calculator Co 


Lufkin Rule Co 





Merck Sharp & Dohme 
New Departure Div., GM¢ 
Owens-Illinois Glass Co 
Pontiac Motor Div., GMC. 
Republic Steel Corp.. 
Rohr Aircraft Corp.. 
Sheffield Corp........ 
Statham Development Corp... , 
Sundstrand-Turbo, Div. of Sundstrand 
Machine Tool Co. 
United Air Lines... 
U. S. Pipe & Foundry Co. 
\ eeder-Root, Inc.. ° 
Warner Gear, Div. of Borg-Warner Corp..7 
Warner & Swasey Research Corp 
Western Electric Co 
Zenith Radio Corp 
Advertisers in previous issues 
of Volume XIV 
Acme Scientific Co 
American Optical Co 
B. C. Ames Co 
Allied Radio Corp 
Bausch & Lomb Optical Co 
R. G. Bock Engineers 
Curtiss-Wright Corp. 
Custom Scientific Instruments, Inc. 


Dearborn Gage Co 

J. W. Dice Co. 

The DoLL Co. 

Electric Storage Battery Co. 
Friden Calculating Machine Co., Inc. 
Gaertner Scientific Corp 

Hughes Aircraft Co. 

National Electric Instrument Div 
Norton Co. 

Pacific Gage, Inc. 

Semo Corp. 

Steel City Testing Machines, In 
Unit Process Assemblies, Inc. 
Visi-trol Engineering Co 

Waters Manufacturing, In 


John Wiley & Sons, Inc. 





Report of the 
Examining Committee 
The Society takes great pleasur¢ 
in congratulating the following 
members who have been elected 
to the grade of Fellow by action 
of the Examining Committee: 
Name Section 
George M 
Armour 
Robert M. Hof- 
stead Syracuse 
George A. Hunt Syracuse 
Carl D. Larson Scranton- 
Wilkes-Barre 
Robert A.Lucas Toronto 
Harry E. Rob- 
bins 


Syracuse 


Richmond, Va. 
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clinics, conferences, | 
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. 11-13—Response Surface Methodology 
Course, Roosevelt University, Chicago, Ill 
sponsored by Chemical Division, ASQC, con- 
tact Horace P. Andrews, Research Labora- 
tories, Swift & Company, Chicago 9, Ill 
15-July 25 ‘ ‘ 


. 16-July 26 


MAY, 1958 
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23-July 2 


30-July 11 


. . 28-Sept. 6—Undergraduate and Research 
Seminars in Statistics, University of Califor 

y, Calif., contact David Blackwe 
Department of Statistics 


rnia, Berkeley 4, Calif 


AUGUST 
4-8 


11-22—Statistical Methods in Industry 
Course, sponsored by the Department of Engi 
neering of the University of California at Los 
Angeles and the Los Angeles section of 
ASQC, contact Prof. Edward P. Coleman, Co- 
ordinator, Statistical Methods in Industry 
Course, Department of Engineering, University 
of California, Los Angeles 24, Calif 


. 18-28 t 





POSITIONS AVAILABLE 


Address all replies to box number references 
to: American Society for Quality Control, 
Room 6197 Plankinton Bidg., 161 W. Wiscon- 
sin Ave., Milwaukee 3, Wis 


SALES ENGINEER 
For special optical, mechanical arn 
electronic instruments, gages and tool 
Minimum of 5 years successful techni- 
Will train suitabl: 
Chi- 
complete 
Our 


Please reply to 


cal selling essential 
applicant. National 
headquarter: 5 


organization, 
cago Submit 
data with expected earnings 
this ad 


at the above address 


men 
know of Box 


14Y1 


QUALITY CONTROL 
ENGINEER 

Io supervise the quality control pro- 
gram in a ceramic plant, which is manu- 
This man will 


facturing sanitary ware 


plan all inspection procedures, tests and 
experiments fur defect prevention, qual- 
ity assurance procedures, the applica- 
tion of statistical tests, and the planning 
Appli- 


cants must have had engineering train- 


of executive reports on quality 


ing or equivalent experience in the field 
quality control 
Kindly furnish resume of personal data 
including snapshot if 
Address replies to Personne] 
Administrator, American-Standard, P 
O. Box 8237, New Orleans 22, Louisiana 


of modern industrial 


and experience, 


available 


POSITIONS WANTED 


Address all replies to box number references 
to: American Society for Cue Control, 
Room 6197 Plankinton Bidg., 161 W. Wiscon- 
sin Ave., Milwaukee, Wis 


Quality Control Engineer, age 27, de- 
sires position in and around Boston, 
Mass. area. B.S. in textile chemistry, 
M.B.A. eight months experience textile 
testing, six months Q.C. engineer viny! 
sheeting. Three administrative 
experience in U.S. Navy. Detailed re- 
sume available at Box 14L1 at the above 


address 


years 


QUALITY CONTROL 
DIRECTOR 


Presently employed major corporation, 
desires relocation East Coast. Fellow 
ASQC; graduate engineer with training 
in advanced statistics, precision meas- 
urements, NDT, etc. Fifteen years suc- 
cessful organization and administration 
of multi-plant inspection & quality con- 
trol in mechanical and process indus- 
tries. Please request resume by address- 
ing Box 14L2 at the above address 


District Field Quality Representative 
will accept full or part time representa- 
tion of distant manufacturer with sup- 
pliers in the Northeast. Can supplement 
or replace over-extended field coverage 
by less travel and no subsistence cost 
Extensive top level Defense experience 
with leading elec- 


and responsibility 


tronics companies im: surveys, com- 
plaint investigation, product verification, 
surveillance and general liaison for 
some contracts exceeding $25 million. 
Please reply to Box 14L3 at the above 
address. 


CONSULTING SERVICES 
Responsibility of the American Society 
for Quality Control, Inc., for Consulting 
Services advertising is limited to cer- 
tification that advertisers hold the grade 
of membership in the Society stated in 
their advertisements. Qualification re- 
quirements for the several grades of 
membership are set forth in the Con- 
stitution of the Society. 








Quality Control Consultant 


HARMON S. BAYER 
Fellow, ASQC 


1154 Book Building 
Detroit 26, Michigan 


Telephone 
WOodward 5-3796 














Ue 


RELIA 
ment 
tion. 
tical 
vices 


TEXAS INSTRUMENTS, 


a leader in the field of 


silicon ond germanium pling 


transistors and other semi- math 
conductor with 
the largest research, engi- 
neering and manvfactur- 
ing facilities in the indus- 
try, continues its planned 
expansion program 

creating openings with un- 


products, 


yas 


sance 


or IE 


usual advancement poten- 
tial for Quality Assurance 
Engineers 





Please write 
in confidence 


te ii>¢..— 


Me. H.C. Lowr 
! 





Quality Assurance 


ENGINEERS 


determine product capability and reliability by sam 


QUALITY ENGINEERING 


improvement, device development or statistical anal- 


engineering, 
(Semiconductor or vacuum tube) 


SEMICONDUCTOR-COMPONENTS 


Openings are in these Areas 


BILITY ENGINEERING For reliability measure 
and interpretation. To design test for evalua 
Requires broad experience as well as prac 
knowledge of electronic components and de 
and their parameter variations. Competent to 


methods. Should have degree in Physics with 
background, BSEF or Statistics. 


Responsible for product 
Requires strong experience in quality control 
preferably in an electronics industry 
Knowledge of ad 
desirable BSEF 


d statistics and electronics 


Advance personnel policies include prope 


educational assistance, insurance 
You will be working in 
our Divi 
sien Plant which is within Dallas and nea 


schools and churches 


sharing, 
and pension plan 


new Semiconductor-( om ponents 


fine residential arces, 


DIVISION 


INSTRUMENTS 


_ ay ‘ae oe oD 


QC Planning Defect Prevention 


LEONARD A. SECER 
FELLOW ASQC 
267 HAWTHORNE ST. 
MALDEN, MASS. 
MAlden 4-5446 


Organizing for Quality Training 











BERNARD HECHT 
Quolity Control & Reliability Specialist 
Senior Founding Member, ASQC 
Planning and Staffing 
Q. C. Organizations 
Training in Statistical Methods 


Quolity Assurance Programs 
5410 Wilshire Bivd. Los Angeles 36, Calif 
Webster 8-012) 














4222 S80s0~er at. 23-6909 


te DIAMAPOLIS, INO. 


BSUTHERLAND-JACOBSEON & ASSOCIATES 
Consultants n Quality Control 


tasre chrom Peocttouets. Process Cowreous, 


Stars ce Foe RC staece ano Dive .orwent 


. 2. sacOe8On 
.ow asec 


@. & SUTHERLAND, he O 
Pee asec " 











Management Controls 


FOUNDED IN 1945 
References and Literature on Request 


699 Rose Ave. 
Des PLaines, ILL. 
Vanderbilt 4-6533 


Senior Partner: 
W. E. JONES 
Fellow, ASQC 














Consulting Services in Quality Control 
RALPH E. WAREHAM 
Fellow, ASQC 


122 Orchard Ridge 
Chappaqua, New York 


Telephone 
Chappaqua 1-0715 
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Milliseconds after the above photograph was taken, TALOS scored a 
collision hit against the F-80 jet aircraft. Fast moving, fast maneuvering TALOS is the 
supersonic surface-to-air guided missile now being added to our Navy's seagoing arsenal. 
As prime contractor for TALOS, the Guided Missile Section of the Bendix Products Division 
maintains the highest degree of engineering skill, quality control and reliability in the design 
and manufacture of TALOS. Opportunities are available at Bendix for qualified personnel 
in: SYSTEMS ENGINEERING, QUALITY ENGINEERING, FIELD ENGINEERING, MANUFAC- 
TURING ENGINEERING. 


For additional information write 

Mr. E. D. McConnell, Personnel Administrator 
Bendix Aviation Corporation 

400-Q South Beiger Street 

Mishawaka, Indiana 


MAY, 1958 








Picture of quality control . . . under control! 


NEW MACBETH-ANSCO 
ELECTRONIC COLOR DENSITOMETER 


Photography is an art-—but the results of the final 


phase of this art—that all-important period in which FEATURES THAT GUARANTEE 
CONSISTENT QUALITY 


photography becomes chemistry—can be deter- 
®Calibration accuracy +.02 density over 


mined with the certainty of a science . with an 
the entire range 


instrument such as the new Macbeth-Ansco Model © Measures light intensity ratios of 


12A Densitometer. The Macbeth-Ansco can reveal 10,000,000 to | 


@Zeroes in red, creen, blue, black and 


the perfect color film for the perfect job . . . con- 
white without re-Zeroing OF reference 


struct characteristic curves test the quality of ©Finger-tip filter wheel to select any color 
density for easier, more accurate density 


your developers. Through these and all of its other 
measurements 


densitometri applications, it is your assurance ol 
quality completely controlled . . . absolutely 
constant An a8) 
A. __ 4 
For further information, write: Ansco, Bingham- 


ton, New York. A Division of General Aniline & 


Film Corp 


INDUSTRIAL QUALITY CONTROL 





How many gages to inspect these parts? 


Just one—if it's a Kodak Contour Projector. 

Auburn Plastics, Inc., of Auburn, N. Y., a 
venerable custom molder, produces a wide 
variety of component parts for various manu- 
facturers. Formerly this firm needed many 
mechanical gages to make necessary quality 
control checks. 

A Kodak Contour Projector eliminated the 
expense of buying such gages—amounting 
in one instance to a saving of $5,000. 

In a fiercely competitive business, Auburn 
Plastics, Inc., can submit /ower bids because 
of savings permitted by optical gaging. The 
company effects additional economies by 
using its Kodak Contour Projector to inspect 


Apparatus and Optical Division 


tools and dies as well as manufactured com- 
ponents. In all cases the projector permits 
gaging of angles, radii, holes and other di- 
mensions—at a glance. 

If you have an inspection problem involv- 
ing myriad small parts, you can do the job 
easily and inexpensively with a Kodak Con- 
tour Projector. Inspection is a matter of 
comparing the projected image of the part 
with a chart gage on the screen. You inspect 
different types of parts simply by changing 
chart gages. Operators need little training. 

For additional information or to arrange 
for a demonstration of any of the 6 Kodak 
Contour Projector models, write to: 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 


the KODAK CONTOUR PROJECTOR 


MAY, 1958 


With this Kodak Contour Projector 
Auburn Plastics, Inc., accurately 
gages a great variety of parts 
down to .001”. Operator can eas- 
ily measure angular dimensions 
on cams ond keys, threaded mold 
components, center-to-center di- 
mensions on parts and tools 








The passing grade is 100! 


This is a class in quality control at Continental. The instructor is explaining the basic objectives 
and statistical methods of quality control and their application to Continental operations. People 
from all levels of every Continental plant, staff positions and top management, too, attend classes 
like this one. It is no exaggeration to say the required grade in this course is 100. As all quality 
control men affirm, quality control must be applied without stinting all the way down the line, 
from the very smallest to the very largest operation. Our strict adherence to the principles of quality 
control is, we believe, one of the reasons we have been able to achieve, maintain and improve our 


high standards of quality through the years 


Cc CONTINENTAL 
CAN COMPANY 


Eastern Division: 100 East 42nd Street, New York 17 
Central Division: 135 South La Salle Street, Chicago 3 
Pacific Division: Russ Building, Son Francisco 4 
Canadian Division: 5595 Pore Street, Montreal, Que 


INDUSTRIAL QUALITY CONTROL 





THIS MAN HOLDS THE REINS ON A RAINBOW 


Fast-growing use of colored aluminum in automotive trim and architecture imposes a dual 
responsibility on the men of Alcoa’s Research and Development Laboratories. At the same 
time they create 2n ever-broadening color spectrum they also set up the controls necessary to 


ensure uniformity. 


Established with the aid of the aluminum industry's finest testing facilities and translated daily 
into shop practice, adherence to these color control procedures makes the ten-thousandth 


part a mate for the first. This is industrial quality control at its best. 


Your Guide to the Best 
in Aluminum Value 


J 
ALUMINUM | 


pe 
ae “ALCOA THEATRE” 


Exciting Adventure Alternate Monday [ ven.ags 





INTEGRAL DOVE- 
TAILS make mount- 
ing more versatile 
and secure (An ex- 
clusive Federal 
feature). 


EASY-TO-READ 
PRECISION DIALS 
. . . crisp, clear-cuc 
graduations. 


LARGE DIAL 
MODELS also avail- 
able in both hori- 
zontal and perpen- 
dicular styles. 


CLUTCH - MOUNTED 
CONTACT (180° 
rotation ) and easy- 
to-use REVERS- 
ING LEVER. 


w 
ACTUAL SIZE « 


4 


the long range, 
high magnification 








8 new models [swiss MADE|to the 
highest FenERaAl Standards 





Now, the most imitated test indicator of all time . . . the Federal 
Testmaster, adds eight new models to its Series, ali made to the 
highest Federal standards by Swiss craftsmen and all immediately 
available. These new models, too, will be imitated but never 
equaled. Beware of look-alikes and imitations 


¢ These new Federal (Series L) Testmasters have up to four 
times the range you'd expect in a test indicator. The four 
models with .0005” graduations have .060” range. The other 
four models (.0001” graduations) have .032” range. 


Despite this longer range, the new .0001” Models have at 
least twice the magnification of other type test indicators. 
Range per revolution is .004”. 


Even greater magnification (50° more) if you select the 
large dial models in this new Testmaster series. They are 
available in .0001” and .0005” graduations and in regular 
or perpendicular styles (as are the more compact, smaller 
dial models). 

. integral dovetails for convenient 
and positive mounting . . . easy-to-use reversing lever . . . 
clutch-mounted, interchangeable contact . velvet-smooth 
operation ... BALL BEARING PIVOTS for low-friction, 
truly accurate motion transfer. 

FOR THE WHOLE STORY ON THESE NEW FEDERAL TESTMASTERS 

ASK FOR BROCHURE. 


Many other features. . 


FEDERAL PRODUCTS CORPORATION 
8155 Eddy Street, Providence 1, R. 1. 


Ak I EDERAL 3... 


FOR RECOMMENDATIONS IN MODERN GAGES... 


Dial Indicating, Air, Electric, or Electronic—for Inspecting, Measuring, Sorting, or Automation Gaging 





